
applied ECONOMICS 
FOR ENGINEERS 


BY 


BERNARD LESTER 

Westinghouse Electric and Manufacturing Com'pany 
Member, American Institute cf Electrical Engineers 
Lecturer, University of Pittsburgh 


Interiiatioiia'l Book Ho'hs© Ltdtt 

Boaibay 


NEW YORK 

JOHN WILEY & SONS, Inc 

London: CHAPMAN & HALL, Looted 


1939 



COPTMGHT, 1939 
BY 

Bernard Lester 

All Rights Reserved 
This hook or any part thereof must not 
he reproduced in any form without 
the written permission of the publisher. 


FRINTED IN U. S. A. 


PRESS or 

BRAUNWO^H Bt CO,, INC. 
BUILDERS or BOOKB 
BRI DO SPORT, CONN. 



PREFACE 


In observing, over a period of years, the progress of a large number 
of engineering graduates as they enter the various fields of technical 
endeavor, I have been impressed with the importance not only of a 
clear understanding of economic principles, but also of the application 
of these principles in the many branches of technology. An attempt 
has been made in this book to provide the student in engineering with 
an introduction to the practical aspects of economics, basing this upon 
conditions and problems which he is likely to encounter in practice. 

With a clear recollection of the kind of training received in college, 
and some vision of present-day needs, the younger technical graduate 
who gives this matter serious thought can provide a viewpoint of dis- 
tinct value. For this reason, I have obtained, from many such gradu- 
ates, ideas which have been most valuable in the preparation of this 
book. To them, my hearty thanks are due. 

In the preparation of this book, two young men, one from the West 
and the other from the East, have shared with me their spare time and 
talents. Mr. F. Wendell Beichley has assisted with tireless energy 
and loyalty in the preparation of the manuscript and in a search for 
reference aids. Mr. Donald W. Brous has likewise assisted in de- 
veloping a substantial share of the material contained in several chap- 
ters. To both, I am deeply indebted. These young men have 'also 
been of material aid in providing the viewpoint of the recent technical 
graduate as he becomes engaged in the practical affairs of industry. 
Appreciation is expressed to Mr. George D. Wilkinson, Jr., of Newark, 
New Jersey, for his contributions to ideas and problems in production. 

Though fundamental prinfciples remain largely unchanged, their 
application in technical fields continually assumes new aspects. For 
this reason, a particular effort has been made to assist the instructor 
in establishing the habit, on the part of the student, of consulting perti- 
nent and worthwhile articles in current periodicals, 

Beknaed Lestee 


Maflewood, New Jbeset, 1939. 
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APPLIED ECONOMICS FOR ENGINEERS 


CHAPTER I 

ECONOMICS AND THE ENGINEER 

THE APPROACH TO ECONOMICS 

As we proceed in our study of economic principles applying to the 
work of the engineer, we are going to depart from those methods com- 
monly used in a discussion of abstract economic principles, and see 
if we can determine the practical problems which the technical gradu- 
ate encounters as he takes up work in a variety of branches of indus- 
try. When we find out what these are and study all the factors that 
are necessary in their solution, we find that some definite and xmder- 
standable economic laws exist. 

Further, we will find that, although economic latvs are fundamental 
and established, their application is continually altering, because we 
live in a world of rapid change. Consequently, current literature in 
the fields of engineering, industry, and trade provides many articles 
which illustrate the changing application of these economic laws. 
Reference has been made to many of these in the text. As time passes, 
many more will appear in new issues of the same or other publications ; 
by reference to them, one can keep abreast with what is happening 
in the world today and get a better grasp of how fundamental eco- 
nomic principles are applied to current engineering problems. 

THE ENGINEER IN INDUSTRY 

The young engineer today makes his start in industry at any one of 
a thousand points. It may be in some branch of technical research, 
design, construction, operation, or production. Or, again, it may be 
in connection with some phase of distribution or maintenance of tech- 
nical products or services.^ 

The young engineer may, on the other hand, start his^ work with 
some privately operated company, with a company engaged in some 

^Reference: "Engineering Opportunities in Manufacturing,” T. C. lolinson, 
Electrical Ev^neering, February, p. 72. 
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form of public service regulated by government, or with a form of 
government itself. 

First of all, he encounters people in addition to things, and finds 
that organizations proceed and fimction in an orderly or disorderly 
way through the responsibilities and efforts of people. He gets a 
glimpse of fixed responsibility handed down from employer to em- 
ployed, by various steps, and he sees that progress depends not only 
upon technical knowledge put in motion through carefully worked-out 
plans, but also upon a recognition of economic values and satisfactory 
relationships existing between individuals who, of necessity, must come 
in contact with one another. He finds that, as an individual, in most 
instances, he can accomplish little, but as a part of an organization 
with assigned responsibilities whose actions as a group are controlled 
he can accomplish much. Although he may at first feel himself pretty 
much like a tooth in a gear, he soon discovers that neither things nor 
people are fixed, but that he is living in a world of rapid change where 
unlimited possibilities exist for doing things in a better way. He 
finds that violent differences may occur in opinions held by individuals 
with whom he comes in contact, and that often their opinions are not 
based upon facts. Having had experience with formulas and labora- 
tory experiments, he sees a greater need for facts upon which to base 
plans^ — dealing not with moving bodies which may be weighed and 
calculated, but with thinking human beings, with potential reactions. 

As the young engineer works with materials, machines, and indi- 
viduals he sees that an outlay of expense is required to accomplish 
a result, and that the return from the result must be sufficient to 
compensate for this outlay. Besides the cost of those operations that 
go on within the plant itself, he enjoys, as he works, the benefits of 
light, heat, and ventilation, and perhaps he shares in sickness, accident, 
or similar benefits; thus he comes to realize that economic factors enter 
into supplying these things, also, and that they cost something to 
furnish. Perhaps an extension to the plant is in progress, or a new 
boiler house may be necessary, and he wonders where the money for 
this comes from. Is it out of profit, out of capital, or is it borrowed? 
If out of profits, can the company afford the improvement? If out of 
capital, why should the money be allotted to this particular item? 
If borrowed, how is this managed with existing financial institutions? 
The young engineer learns that, after all, capital ^ is necessary, and 
that capital must earn a return on Its investment. 


2 [Reference: /Utility Engmeering and Capital,” C. W. Kellogg, Electrical 
Engineering f January, p. 3. 
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The young man, himself, is anxious to obtain a higher wage, and 
perhaps soon feels convinced that this should be forthcoming. He sees 
about him workmen of all ages, some highly skilled and others doing 
routine duties, some progressing by developing new ideas and others 
following a track laid down. He attempts to evaluate, according to 
the individual, the relative value of labor, the measure and rate of 
compensation, and the length of working hours. Thus, he is thrust 
intimately into an economic problem involving a measure of perform- 
ance so vital in its solution to society. 

Any work this yoxmg engineer attempts is laid out to some degree 
by plans and systems based upon facts gathered together and prin- 
ciples established by experience. He finds out that not only plans, 
but also useful records, are essential. 

Although trained in the exact sciences, the average engineering 
graduate plunges into the world of industry to find that economic fac- 
tors combined with technical factors determine procedure, and success 
in carrying out any plan revolves about satisfactory relationships with 
people. Engineers, in contributing so liberally to the material advance 
of civilization through invention and mechanization, are faced with 
meeting those problems of an economic and social nature ® which this 
advance has brought about. 

Many young engineers as they advance come more intimately in 
touch with problems relating to distribution. They find that decisions 
and plans even in this field are largely made on a basis of engineering 
economy. Because an engineering training teaches one to deal with 
facts, in addition to theories, and involves economic planning, many 
men trained in engineering have assumed positions of business leader- 
ship. With our highly developed ability to invent, design, and pro- 
duce, the question of economic distribution has assumed a position 
of the greatest importance, requiring a high degree of scientific knowl- 
edge. After all, the customer supports the business, and satisfactory 
customer relationships are essential. 

The engineer, in his work, therefore, continually encounters 'physi- 
cal, economic, psychological, and social laws. These laws he finds to be 
interrelated,^ because in operation they react on one another. For 


3 Reference: ''Social Horizons of the Engineer,” Harry J. Engel, Civil En- 
gineering, November, 1937, p, 763. 

^The engineer decides that the design of a gear case which is a part of the 
driving mechanism of a domestic washing machine and built in large quantities 
can be improved by making this part of pressed steel rather than cast iron. 
Cast-iron gear cases have in the past been used, and the manufacturer has 
operated his own foundry largely for this purpose. This decision may be a per- 
fectly sound one from ^e physical laws involved in the selection and for min g 
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successful procedure, all four types of laws must be recognized and 
their reactions understood. In this course of study, we shall deal par- 
ticularly with economic laws and their application in the field of tech- 
nical products and services. 

Accomplishment proceeds, in the eyes of the yoimg engineer, 
through the bringing together of four outstanding elements — capital, 
management, labor, and materials — ^and decisions are based upon what 
we consider to be relative values. 

In becoming a part of our economic system as a producer, one 
must treat the matter of economy objectively. The problem which 
faces all of us sooner or later, as we pass from a period of training to 
a period of producing, is that of being able to furnish more economi- 
cally some class of goods or service which possesses increased utility 
to those to whom it is furnished. 

Economics has been defined as the social science that deals with 
human interest from the viewpoint of value capable of monetary 
measurement. 

Value is that which makes anything useful or estimable. It has 
been compared with energy, for, if destroyed through consumption in 
filling a want, it is replaced by new energy resulting from consump- 
tion. Oil, put in an engine to lubricate it, in time is partly or wholly 
destroyed. Through its use, however, new values have been created 
in the form of power. Coal fed to the stoker under a steam boiler is 


of materials. However, what effect will this change have on production costs, 
selling price, and profits, according to the laws of economics? What effect will 
this change have upon the appearance of the machine and consequently upon 
its commercial acceptance according to the laws of psychology? Will this change 
require closing down the foundry, and, if so, what can be done to furnish em- 
ployment to the molders, according to the social laws? 

Some years ago a manufacturer of luminous-faced watches employed a number 
of young women to paint the figures on the watch face. In doing so, they 
moistened the bruises with their lips, and it was claimed this produced serious 
physical injury. The processes had to be changed, involving new physical laws 
to meet social requirements. 

With the increasittg cost of coal and the decreasing cost and greater avail- 
ability of fuel oil according to economic laws, engineers were driven to apply 
physical laws in the development of oil burners. 

A manufacturer of typewriters redesigns the model, altering primarily only 
the exterior housing of the machine. The appearance is improved, based upon 
the style of the day. Much greater acceptance is created for it, leading to greater 
volume demand requiring a larger capital expenditure for tools and equipment, 
such changes being brought about by an understanding of human reactions based 
on the laws of psychology. 
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destroyed, but steam is produced for power in its various useful forms, 
and other values are created. 

The utility of products and services in the eyes of the economist is 
the measure of their capacity to satisfy human wants. The engineer 
has created numberless new utilities. 

The yrice at which products and services are sold represents their 
monetary value. The level of the price depends upon both the utility 
of the particular article and its scarcity, assuming that prices are not 
artificially controlled. 

A trained engineer is responsible for the operation of a foundry for 
the production of iron castings. He must know the characteristics of 
the materials required and the specifications to be met, based upon 
engineering data. He must know the technique which goes with all 
phases of foimdry practice and operations. If, however, his under- 
standing were limited to these factors, the foundry would be consid- 
ered a failure. He must concern himself with other factors, for if this 
foundry is to be successful it must show a profit on the capital invested 
in it. 

Hence, the engineer must study the utility of the castings produced. 
Do they meet the requirements of the prospective customer? Is the 
demand a stable one, or might not the purchaser of iron castings resort 
to welded structural steel instead of cast iron to meet his requirements? 

The price to be obtained for castings becomes of vital importance, 
for this factor, together with the volume of output, determines the 
amount of money that will constitute the entire income. The cost of 
making castings becomes, then, a subject of intense interest, and it is 
soon discovered that a variety of expenses, including such items as 
labor, machinery, depreciation, upkeep, and interest on invested capi- 
tal, go to make up the cost. 

This illustrates clearly, then, how this engineering executive must 
grapple with problems not only of an engineering nature but also of an 
economic character, if he is to be successful. 

One reason why an engineering training has been considered useful 
to one entering business is that the engineer deals with physical prob- 
lems in an anal3?tical way. Dealing with materials and forces, he 
must reduce them to quantitative and qualitative terms, rather than 
simply describe them, and must proceed by steps of evaluation to reach 
certain definite conclusions. All engineering accomplishments, to be 
useful, must take into consideration, in addition to physical facts and 
laws, econonoie facts, laws, and trends* 



6 


ECONOMICS AND THE ENGINEER 


THE AMERICAN VALUE SYSTEM 

The American economic system existing in this country so far has 
provided that the individual can acquire and accumulate capital 
through a profit-making system. The corporate instrument is only a 
legal means by which a group of individuals can do this, through 
units of stock ownership. The system, operating according to certain 
rules, both legal and ethical, protects the individual in exercising his 
own initiative and industry in profit-making, as well as the accumula- 
tion and ownership of capital. Such a system is based upon the theory 
of individual competitive effort and reward applying thereto. 

The American economic system, however, cannot be completely 
described as either a capitalistic system or profit system. Many eco- 
nomic units exist with very small capital, as for instance a firm of 
consulting engineers, and we all know that those requiring a large 
capital may operate, often, for long periods of time without making 
a profit. Capital and labor are far from the only elements of our 
economic life. We can more correctly describe this as a value system, 
for the results of our economic system consist of physical products, 
such as locomotives, houses, and machines; financial rewards j such as 
salaries, wages, taxes, and dividends; and social values resulting from 
an improved use of materials and services.® Since we do not easily 


®It is also well to point out that those things which we create can also be 
applied to the detriment of society and the individual. We can create imple- 
ments of war or instruments for the use of criminals. Scientific accomplishment 
itself can be utilized to destroy society, or destroy the individual. Gilbert 
Murray has recently pointed this out in weighing the advantages and disad- 
vantages of technical accomplishment: 

In this machine age man has had to pay a heavy price for the help given 
him by his machines. Take a well-fitted modem observatory; a telescope with 
a very large lens, a clockwork arrangement enabling it to follow exactly some 
particular part of the sky, a fine photographic apparatus to record the light 
of the stars, even stars quite invisible to the eye. A man looks at the 
photograph and di^overs on it a new star. A great achievement, but due 
chiefly to the machine, not the man. Such a man is not using nearly as much 
mind, as much thought and brain power, as an ancient Greek or Chaldean 
astronomer who with no instruments at all observed and calculated nearly 
right, if not quite right, the main movements of the heavenly bodies. Think 
of a stupid fat man driving fast in a beautiful motor car which he does not 
understand; or the millions of clerks who are carried blindly to their work 
every day by train or bus: they are not using nearly as much intelligence 
as the man. of a hundred years ago,^ walking on his own legs, looking about 
him, noticing plants and trees and birds. No doubt immense skill and brain 
power have gone to making the instrument— the telescope, the motor car, or 
steam engine; but the instrument, when made, actually diseducates the user. 
It enables him to do what he wants or get where he wants, almost without 
using his mind or brain or limbs at all. And if he need not use them you 
noay be sure be won’t use them. From: "The Engineer and Trends in Eco- 
nomic Thought,” Frank B. Jewett, Electrical Engineering, August, 1938, p. 340. 
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recognize social values, compared to physical products and financial 
rewards, it is easy to fail to visualize or evaluate their importance. 
Yet these social values are created before you obtain the products or 
the profits, and many of them continue to endure indefinitely. Social 
values are many. Let us consider just a few which the young engineer 
may create as a part of his effort. In the research laboratory, discov- 
eries are made of new products and processes. In spite of any advan- 
tages accruing to the engineer or his firm tmder patent protection, 
which is only temporary, society at large benefits by his accomplish- 
ment.’® The same is true in respect to a designer of a machine or 
structure involving new ideas or the engineer who develops a new 
process or method of production. We readily see what is actually done, 
but the far-reaching influences we fail to grasp even during the pres- 
ent — ^let alone in the years to come. 

Nrevertheless, the urge to produce under our economic system comes 
largely from the profit motive, and our system provides for a reason- 
able profit to successful suppliers of a product or service. Manufac- 
turing plants cannot continue to operate unless supplied with adequate 
capital. Profits attract capital; losses repel it. Security of a fair 
wage to labor depends upon an adequate supply of capital, just as the 
use of capital depends upon a supply of labor. The system under 
which we have progressed in the past has, therefore, been one of 
creating values through the cooperation of individual initiative with 
capital in the creation of values beneficial to all. Such a system has 
made possible certain abuses, which have to be curtailed and elimi- 
nated by a set of rules sulQBiciently flexible to provide for change to 
meet altering conditions. 

INDUSTRIAL DEVELOPMENT 

It was quite natural that the people of this nation at the time it 
was formed possessed much of the spirit of the pioneer and adventurer. 
Large imsettled districts of rich land lay before them, and hidden raw 
materials of untold value were Iheirs. For those with the pioneering 
spirit, nothing could be more inviting. During the first century of the 
nation’s history, men were largely engaged in discovering what was 
available and finding a way to transport it and to use it according to 
the somewhat crude methods of ihe times. 

^ Thiiik: what Thomas Edison accomplished for society by directing his in- 
ventive genius toward the development of the electric light, or George Westing- 
house, to the development of the air brake. The profits which came to these 
men or to the companies they established were infinitesimal compared with the 
benefit to society. 
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The stimulation of invention through research. / , 

The development of large economic units. . 

The growing wage scale. ” ' - 

In viewing these ten important factors, we find that they are closely 
related. For instance, the increased use of tools and machinery could 
not have come about to the great extent it has without the develop- 
ment in power facilities, and vice versa. Mass production and mass 
distribution, likewise, had to go forward hand in hand, and the crea- 
tion of markets had a great influence in this connection. 


H. G. Moulton, "Engmeering Progress and Economic Progress,” Electrical En- 
gineering, May, 1937, p. 510. 

1. The Increased Use of Tools and Machinery. Man has been 
defined as an animal which uses tools.® From the earliest historical 
records man has used implements, and as time and invention advanced 
these became more specialized and eflScient, and were devoted to a 
greater variety of purposes. Hand tools were first employed for 
simple operations, and their variety increased with the discovery of 
their necessity and utility and the increased skill of the workman. 
With the advance of trade and growth of demand, large quantities of 
duplicate articles were required so that a workman had to repeat the 
same operations. With a division of labor, by which each workman 
became expert in a particular operation, an opportunity came for the 
ingenious development of machines which would perform simple opera- 
tions automatically and in rapid succession. 

For instance, in the cutting of metals and other materials, the work- 
man held the tool and applied his power and skill to it in following 
the work. With repetition of operations required, the machine was 
introduced between the man and the work, which held the tool and 
guided it, as either the tool or the work moved. Continuous improve- 
ment has been made in the machine. Power has been applied to it. 
Its work has become much more accurate. The functions of a single 
machine, though highly specialized, have been broadened by adding to 
the number of operations performed. Thus where formerly several 
machines arranged serially performed operations in sequence, many 
of these operations have now been combined into one machine. Ma- 
chines have been improved, so that, together with an improvement in 

® “A tool is but the extension of a man's hand, and a machine is but a com- 
plex tool. And he that invents a machine augments the power of man and the 
well being of mankind.”— Henby Wabo Beechee. 
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the materials worked upon and with the introduction of new materials, 
higher operating speeds are gained. Furthermore, improvements have 
made it possible for machines to follow a predetermined pattern and 
even check themselves. 

In fact, a machine can be built for almost any purpose including an 
almost endless variety of operations performed in series. The problem 
is not so much one of devising the machine, as in determining whether 
and when its use is justified.^ Will the demand for the product made 
by the machine remain staple as to character and volume? Is the loss 
suffered by scrapping the old machines justified? These and similar 
questions must be answered through economic studies to which judg- 
ment must be applied. 

The advance in the use of machines has therefore been character- 
ized by: 

A transfer of skill from the worker to the machine. 

A transfer of power from the worker to the machine. 

There appears to be no limit to the work which machinery may 
take over from man. However, it has been the rule that the more 
simple and monotonous tasks that man has had to do are the ones 
that the machine first takes over. But in this process of transfer of 
skill and power to the machine, other monotonous tasks are being 
created, with a higher degree of subdivision in labor. Whereas for- 
merly production depended upon the skilled mechanic, who could lay 
out the task of creation and perform the necessary operations, his 
place is now taken by the machine operator, whose work is reduced 
largely to operations of a routine nature. Such a situation has led to 


^An interesting mathematical justification for the increased use of machines 
and power is found in the editorial entitled Man = 420 Kwhr,” appearing in 
Power, November, 1938, p. 49 (587). In substance it is this: 

Man, as a machine, is worth very little. Consider a husky man who every 
day performs the equivalent of carrying a 50-pound load 3000 feet up a 
mountain slope. His day’s output is 0.057 kwhr. Working 50 weeks per year 
(2 off for vacation and sick leave), and 5 days per week, he will generate ap- 
proximately 14 kwhr per year, or 420 kwhr in a working lifetime of 30 years. 
If he were to sell his energy at the low wholesale rate of 3 mills per kwhr (for 
which hydroelectric power can, in some areas, be purchased), he would earn 
just $126 in his lifetime. Giving him a retail rate as high as 6 cents per 
kwhr, he would still be worth only $2520, so far as his 30-year output is 
concerned. 

Hence, man cannot directly compete with power-generating apparatus, but 
he can do something a machine cannot— he can tlSnk. Thus, he is better 
fitted to design and operate machinery to take his load up the slope than 
to carry it himself, and better fitted to build and operate power-generating 
equipment than to generate power. Though machines are better fitted to do 
the physical jobs than man, man must direct them, and it is here he finds 
his most useful place. 
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social problems which continue to baffle us, for the mind of the routine 
worker tends to become narrow and distorted. 

The various steps which have taken place in a transfer of skill 
and power from the worker to the machine, combined with a division 
of labor and the development of production systems, are well illus- 

The Machine Production Quantities 



Figueb 1. The dianging relation between man power 
and machine power in the development of production. 

From ''Marketing Industrial Equipment/^ Bernard Lester, 
McGraw-Hill Book Co., Inc., New York, 1935, p. 46. 

trated in Fig. 1 by Edward Payson Blanchard of Bridgeport, Connecti- 
cut, in a chart of progress he has prepared. This applies particularly 
to mechanization through the use of metal-working machinery. 

The various steps as illustrated on this chart may be described as 
follows: 
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a. Men used hand tools, 

h. Men established job shops wherein they worked together, mostly 
with small tools, each individually completing the finished article made. 

c. Machines were developed to direct the tool, and men were segre- 
gated in their work, so that, to a degree, one man performed an 
operation or a series of operations toward the completion of the article 
being made. Manufacturing, as we now understand it, had its start 
in this way. 

d. Quantity production came from the use of a number of highly per- 
fected machine units, and an arrangement of these in a factory to permit 
a flow of work from one to another, forming the necessary parts and 
finally leading to an assembly of the completed article. 

e. In many instances, today, mass production is obtained by making 
not only the individual units or steps automatic in their operation, but 
also by finking them together so that the entire operation is largely 
automatic. Thus, a shop has become the equivalent of one automatic 
machine. 

From a study of advance along these lines, we filnd that there has 
been continual progress in these directions: 

The machine itself has become increasingly automatic, in that it has 
required less attention on the part of the workman. 

The machine has been developed to perform a greater number of 
operations at the same time, so that one machine has included the opera- 
tions which were formerly performed by two or more machines arranged 
serially. 

The machine has continually been redesigned to produce a greater 
volume due largely to increased speed in operation. 

The machine has become continually more specialized in purpose and 
accurate in performance. 

Although the development and use of machinery has been largely 
responsible for the physical progress that has been made in this coun- 
try, the results of mechanization upon the social condition of our 
people have presented problems which are most perplexing.^® Through 
years of experience, a factory or office worker becomes skilled in per- 
forming certain operations. Speed and skill have been encouraged 
by management by all sorts of schemes of compensation. Suddenly, 
perhaps, machines become available which will largely or wholly re- 
place the individual operator and his services are no longer required, 
at least for the class of work previously done. Thus we have a 
condition of technical unemployment, resulting from the substitution 

Reference: An interesting editorial on what power and mechanization has 
done and can do is '‘Man Power,^' Philip W. Swain, Power, June, 1938, p. 49 
(299), 
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of machine skill and machine power for man skill and man power. 
Unquestionably, opportunity ceases for the trained worker, and he is 
forced to seek other forms of employment for which he has developed 
no skill. Readjustment to new kinds of work and new surroundings is 
most difficult, and a widespread atmosphere of xmrest, dissatisfaction, 
and instability is created. 

A broader view of the picture shows us that, by means of the 
machine, the workman’s production is increased and products and 
services are created more cheaply to be available to a larger circle of 
consumers New opportunities are created for employment else- 



1914 191S 1918 1920 1922 1924 1926 1928 1930 1932 1934 1936 
Year 

PiGXJRE 2. Index numbers of production per man- 
hour in the manufacturing industries of the United States, 

1914 to 1937. From Factory Management and Mainte^ 
nance, November, 1937, p. 80. 

where since these products must be transported, sold, and maintained, 
and the utilities created cause demands for complementary utilities. 
In most of our older manufacturing industries, over a period of 

Ref erences : “What Machines Mean to Bill Smith,” American Machinist, 
September 21, 1938, p. 830L; “Mechanization Pays the Worker,” Paul G. Hoff- 
man, American Machinist, ^ptember 22, 1937, p. 830. 

^2 No better example of creating work by introducing machinery in the place 
of man power can be foxmd than the automobile. It is said that the present 
low-priced car could not be produced today according to manufacturing methods 
in vogue 25 years ago, for less than $10,000. Labor has actually been eliminated 
in the factory, but, by the use of machinery in mass production, the price of 
the automobile has become ridiculously low and its performance improved, so 
that the demand for it has increased by leaps and bounds. This has led to the 
creation of labor, not only by the suppliers of materials such as sheet steel, 
gla^, and rubber, but also by those who use and maintain automobiles. Road 
building and maintenance, way^de garages and service stations, and provisions 
for tourists have all been stimulated, and the American people have learned to 
travel and spend. 

13 j’or the student not famiKar with the derivafen of index numbers for the 
purpose of presenting statistical information, there is a short topic dealing with 
index numbers in Chapter VII, Statistic^ and Accounting Methods. 
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years, the output of the individual worker has steadily increased, as 
the introduction of machinery has proceeded. Figures 2, 3, 4, and 5 
will illustrate this condition, although other factors, such as decreased 
output compared to capacity following variations in business activity, 
may produce a conflicting effect in certain years. 

Mechanization has produced another effect which is largely eco- 
nomic in character. In the early days, the factory was little more 
than a building providing benches and other simple furnishings 
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Figure 4 * Production per workei 
in the pulp and paper industry, and 
the bituminous and anthracite coal 
industries. 


*!E’igiares 3 and 4 from ^‘Marketing Industrial Equipment/’ Bernard Lester, McGraw- 
Hill Book Co., Inc,, New Yor!^ 1935, p. 37-8. 


wherein the workmen could busy themselves with small tools or simple 
machines. As machines were substituted for workmen in furnishing 
skill and power, a larger amoimt of invested capital was required, 
and a much larger proportion was devoted to machinery and equip- 
ment than to land and buildings. Furthermore, with the rapid and 
continuous improvement in machinery and equipment, and the neces- 
sity for each manufacturer of keeping such apparatus up to date in 
order to maintain a competitive position in the industry, this mounting 
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capital investment has become less stable and secure.^^ As we shall 
see later, a large share of modem machinery and equipment soon be- 
comes obsolete or outmoded, and must continually be replaced.^® 

In addition to this, the stmcture housing the production equipment 
and those that operate it has gone through a transformation. Better 
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Figure 5. Employment man-hours and man- 
hour output, Class I railroads of the United States. 
(Excluding principal salaried employees). Repro- 
duced from Monthly Labor Review (published by 
the U. S. Bureau of Labor Statistics), July, 19S7, p. 79. 


and more suitable buildings are provided, and these include provisions 
for greater safety and comfort of the worker. Elevators, for instance, 
are required, heating and ventilating equipment is now necessary, and 
improved lighting systems are employed. Facilities for the distribu- 
tion of power must be provided, as well as the distribution of 
water with necessary plumbing fixtures. All such changes^® as 


Many years ago, the author went through a small factory, in a country town, 
devoted to the annual production of many thousands of large umbrellas — ^then 
used to mount on the drivers^ seats of horse-drawn delivery or farm wagons. 
Even then this factory was highly mechanized, and only five people were re- 
quired to keep the machines going. At that time, two thoughts stood out in 
the author’s mind— the wonders of mechanization and the instability of the corv- 
timied growth of this particular industry, on account of the advent of the 
automobile. 

Mr. W. J. Cameron, of the Ford Motor Company, recently stated that, dur- 
ing the seven years from 1931 to 1937, his company hsid scrapped $175,000,000 
worth of machinery and replaced it with improved machinery for which they 
paid $217,000,000. 

i®The modem factory building usually requires power, heat, light, ventila- 
tion, transportation, water, compressed air, and waste disposal. 
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these have increased the capital investment in factory building 


structures. 



Figtuee 6 . The changing relation between capi- 
tal invested in machineiy and labor expended. 
From ^‘Marketing Industrial Equipment,” Bernard 
Lester, McGraw-Hill Book Co., Inc., New York, 
1935, p. 48. 


Figure 6 shows this 
great increase in capital 
investments^ as the mech- 
anization of industry has 
progressed from the age 
of hand tools down to 
the present machine age. 

2. The Use of Power. 
The increase in use of 
power for mechanical 
purposes, light, heat, and 
communication has been 
an important factor in 
our industrial develop- 
ment.^® The discovery 
of electricity marked an 
outstanding advance be- 
cause electrical power 
can be transmitted long 
distances without serious 
loss in energy. 

The principal direct 
sources are: 

Falling water. 

Steam generated 
by fuels. 

The combustion of 
fuels within an en- 
closed power-produc- 
ing mechanism. 


In the advance of industry through the use of machinery, power 


^^Mr. W. J. Cameron of the Ford Motor Company, for instance, has pointed 
out that the inner shell of a hubcap for automobiles made by machinery costs 
12 and a fraction cents — ^but it requires $13,328 in dies to shape it, and the 
automatic press to stamp it costs $30,770, to say nothing of the costs to house, 
maintain, and provide the power to operate this equipment. 

It has been estimated that in this country, at the present time, the mechani- 
cal power used is the equivalent of the average of 50 slaves, working full time, 
for each inhabitant. 

Other sources of mechanical power, such as the windmiU and heat engine, 
have been used to a minor degree. 
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for driving the machine has been an important contributing factor. 
The problem of economically transmitting power from its source to 
the point at which it is to be used has become increasingly impor- 
tant as manufacturing plants have multiplied and grown in size. 
Various mechanical contrivances such as moving rods, circulating 
liquids, cables, belte and pulleys, and gears, have proved useful for 
only very short distances. The discovery of electricity, together with 
the invention of generators, transformers, distributing apparatus, 
motors, and a means of controlling them, has proved of enormous value 
in making possible the transmission of power and its utilization even 
in very small units. Electrical power can be efficiently generated in 
large quantities at a favorable point and transmitted and used almost 
an 3 rwhere. 

The development of the internal-combustion engine, however, has 
been outstanding in the development of industry. With its inherent 
original weaknesses — ^including poor speed regulation and torque char- 
acteristics, noise, excessive weight, and the production of dangerous 
waste gases — one might think its use would be quite limited. Engi- 
neering skill has perfected it and devised simple and successful means 
of applying its power. Particularly is this true in the field of trans- 
portation,^® agriculture, and construction, where an independent source 
of power has proved so useful, and the connection to a central source 
of power so often uneconomical or impossible. The Diesel engine, for 
instance, is being used to a greater extent to furnish large units of 
power to industry. 

Figure 7 shows the changing nature of primary power and the 
proportion of the total primary power that each kind represents. It 
does not, however, tell us anything of the total growth of power. For 
such information, we find there is but one reliable source, that being 
the generating capacity of the electric light and power industry. This 
capacity represents a large percentage of the total power capacity of 
the country, and it also provides the only available accurate infor- 


one time in France, the speed record up to that time for a passenger 
automobile was made by an electric vehicle I Subsequent to this, concentration 
of engineering skill upon the development of the internal-combustion engine and 
its application to the passenger automobile proceeded at an enormous rate, en- 
couraged by the fact that distilled fuels gave a large source of power within 
very small space and weight limits. In spite of its distinct limitations, which 
have been largely overcome through engineering concentration yet unparalleled 
in industry, it soon outstripped both steam and electricity. 

Primary power refers to the form of power actually applied to driven 
machines in industry generally. Obvioudy, the total volume has increased year 
by year, and this chart illustrates only the proportional values for the four com- 
mon forms of applied power. 
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mation on total power. Figure 8 indicates how the installed capacity 
for power has grown since 1902, and the proportion of this capacity 

provided by each of three 
types of primary mover. 
It will be noted that, de- 
spite economic conditions 
in 1938, the installed ca- 
pacity of public utilities 
was at an all-time peak. 

Figure 9 is interesting 
from the standpoint of 
seasonal and holiday vari- 
ations, showing graphi- 
cally how the demand for 
public-utility power va- 
ries throughout the year. 
It will be noticed that, 
for all four years, despite 
the relative magnitudes 
of each year’s output, the peaks and valleys follow very nearly the 
same trend. 



Figijee 8 . Installed capacity, by type of prime mover, of the electric light 
and power industry. From Electrical World, January 14, 1939, p. 73 (97). 

The use of power for light and communication through the medium 
of electricity, and for heat through steam and electricity in all sorts 
of industrial processes, has represented a phenomenal engineering ac- 
complishment. 



Figueb 7. The changing character of pri- 
mary power developed, over a 60-year period. 
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In the industries, the development of the machine and the use of 
power have gone hand in hand, depending upon each other, and con- 
tributing to our economic and social problems. Power has become to 
a large extent a necessity, for on it often depend those earlier funda- 
mental necessities such as food, water, clothing, shelter, and fresh air. 
It now is a commodity to be furnished as a public service, and as 
such has entered into our political, economic, and social life. 

The way in which the power-driven machine in recent times has 
progressively developed is illuminating. The mill or factory, after 



Figueb 9. Output of energy by the electric light and 
power industry, 1935 to 1938, showing seasonal variations. 
From Electrical World, April 22, 1939, p. 61 (1179) . 


the advent of the steam engine, was usually operated by one engine 
which drove the industrial machines usually through a system of 
countershafts and belts. It was discovered that it was more eco- 
nomical in many cases to operate only a small group of machines 
from one source of power because that made the entire power system 
more flexible. In some few instances this was actually done by apply- 
ing a small steam engine, to which steam was piped, to a group of in- 
dividual machines.^^ No great progress was made in this direction, 

^ Such an installation existed several years ago at the plant of the Westing- 
house Air Brake Ck)mpany, Wilmerding, Pennsylvania, where engines were located 
throu^out the factory to operate small groups of machines, all fed from a 
centrally located boiler. 
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however, until electricity was introduced and the electric motor and 
control were made available. This step permitted operating a group 
of machines together from one motor, which could be shut down, or 
operated without driving the whole system of line shafting in the 
plant. The next step was to operate some machines, at least, by 
individual motors which were mounted on the factory floor and con- 
nected to the individual machines by belts or chain drives. As effort 
continued to make the factory a safer place in which to work, more 
cleanly and more roomy for the operators, someone conceived the idea 
of mounting the motor directly on the machine, thus making the 
machine an independent power unit. As the machine was the subject 
of further development, including not one but several operations, the 
power imits or motors were built directly into the machine, and ap- 
plied in multiplicity to the individual operating elements of the 
machine. Perfection in electrical controlling apparatus permitted the 
control of the various motors from one point, according to a prede- 
termined cycle of operation. 

There is not an industrial or commercial enterprise that does not 
use power. Many of the economic problems encountered by the 
engineer deal with questions relating to the generation, transmission, 
conversion, measurement, application, and control of all forms of 
power. The selection of the most suitable form and source of power 
presents complex economic problems involving such matters as origi- 
nal investment, depreciation, obsolescence, upkeep, and other factors 
of marginal importance, requiring exact information and reasoning, as 
well as the exercise of judgment. Various forms of power are con- 
tinually struggling with one another for adoption, largely supported 
by common suppliers of power, or by those who build particular 
classes of machinery and equipment. The engineer is faced with 
problems relating to the selection of the most economic source and 
forms of power, and also, especially, with a fair and simple means 
of determining an equitable charge for furnishing power from an in- 
dependent source. 

3* Mass-Praductioii Systems. The mass-production plant, an 
American institution, is based upon a high degree of specialization of 
work by machinery and upon standardization of parts. Mass produc- 
tion involves making, by automatic machines, parts which are exact 
duplicates, and assembling them at any convenient location, by spe- 
cialized machinery which is also largely automatic, into the com- 
pleted product. 
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The advantages of mass-production systems consist principally of: 

Building products in large quantities, as the name "mass” implies. 

A very low labor cost. 

An almost perfect uniformity of the finished product. 

A uniformity of component parts which permits quick and satisfac- 
tory repair of the product anywhere, or economical replacement of small 
articles of low cost. 

The disadvantages or limitations of mass-production systems are: 

An enormous outlay in specialized machinery, which, when changes in 
the product occur introducing new processes, causes heavy capital loss. 

A system of production where the failure of one operating department 
may seriously interrupt the entire productive process. 

A system of production which, when loaded lightly, means loss 
rather than profit, and consequently requires a large and steady load. 

A system of production usually possible only for large operating units 
where disadvantages due to size exist. 

A closer study of mass production involves one in a consideration 
of many social as well as economic factors. Mass production is the 
latest step in specialization of labor, in the reduction of cost, in the 
increase in investment, and in the interdependence of individual shop 
departments and perhaps scattered plants. 

4. Mass Distribution. Mass distribution is the child of mass 
production, but in this instance the child supports the parent. When 
a mass-production system is set up for a given product, it is relatively 
easy to increase production by speeding up or increasing the size of 
the manufacturing units or establishing additional duplicate units in 
favorable locations. 

Furthermore, with a mass-production unit established and working, 
ample opportunity exists for further study of time-saving schemes 
which continually make further cost reductions. In most industries and 
upon most products, productive capacity is closely fixed but sales 
volume presents wide variations, so that the burden of balance be- 
tween production and sales usually rests upon sales, and production 
schedules are set on the basis of what can be sold. Thus, with pro- 
ductive capacity usually in excess of average demand, the selling 
branch is put to it to maintain an increased voliune of sales. This 
branch of the business is driven forward by a desire to obtain lower 
costs, to make lower prices to stimulate additional business, and to 
obtain a larger share of expense avaEable for sales promotional effort. 
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In developing mass distribution, these factors characterize progress 
to date: 

The selecting and establishing of sales outlets where the product will 
be available for purchase in a manner easy, pleasant, and satisfactory 
to the customer. 

The creation of demand and the cultivation of customer acceptance 
through all the devices of sales promotion and advertising that can be 
conceived. 

Providing a pricing policy which seeks to sell goods to the user at 
continually lower prices. 

The mechanizing of all routine matters relating to the distribution of 
the product. 

Providing, in most instances where the purchase involves a sizable 
financial outlay for the individual user, a means of financing the purchase. 

Mass production continually calls for mass sales, and mass sales 
call for lower prices attained through greater mass production. 

The possibilities in mass production and mass distribution and 
the reaction between the two have created a condition which has led 
many an industrial executive to expand beyond the point of sound 
economic operation. The condition is much like that which confronts 
the traveler on the desert. The mirage appearing before him in the 
distance leads him to rush on to a well-watered and green valley, 
which, however, disappears before his eyes as he advances. Extreme 
pressure from the distribution oflicials for lower costs brings the in- 
sistence from production officials for greater sales volume, and vice 
versa. As a result, the enterprise, guided only by an increase in pro- 
duction and distribution, becomes topheavy and unstable, and is liable 
to fall to pieces when clouds gather on the business horizon. 

5. Specialization of Human Effort. During the Colonial period, 
every town had its carpenter, mason, millwright, wheelwright, black- 
smith, and weaver, together with representatives of many other 
trades. As manufacture proceeded through mechanization, and as in- 
dustry grew, a higher degree of specialization of individual effort took 
place. New industries sprang up, and existing industries split accord- 
ing to the various specialized processes that developed. Factories 
became more highly specialized in their work, and this specialization 
has continued to a greater degree to the present day, in spite of the 
fact that business organizations, toward the close of the past century 
and until recently, followed a policy of expansion by acquiring and 
combining small factory companies under one general management. 
The growth of mechanization and the factory itself had a pro- 
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found effect upon the worker. On one hand, it changed the individual, 
who had previously been skilled with his hands in performing an 
operation or series of operations required in making an article, into a 
machine operator, usually classified according to the machine he was 
skilled in operating, such as a lathe, punch press, loom, linot3q)e, or 
what not. On the other hand, it introduced a large number of skilled 
employees, occasioned by a more elaborate and extensive factory 
system, whose work related to such matters as supervision, process 
records, production records, wage rates, and machine maintenance. 

This transformation has come about in almost every industry. 
The mechanic as he was known 50 years ago is almost extinct. He 
could read a technical drawing, gain a complete conception of the 
article to be made, lay out the work to be done in wood or metal, form 
the parte with simple machine tools, fit them together with expert 
filmg and scrapiug, and, in the end, produce a complete and finished 
article. Today, he is no longer required to do more than operate a 
machine or a whole battery of machines which, in the manufacture of 
a given part, are largely automatic. 

In the building trades where each building project is ^^tailored^^ 
and much of the work is done on the ground, there is still need for 
skilled workmen of the type of the mechanic, but the work of the 
carpenter, glazer, bricklayer, and so on, has been reduced to a great 
degree by introducing factory-made parte into building and by the 
development of more elaborate and accurate tools which may be moved 
to the point of operation. 

Organized labor has been rather slow to recognize this change, 
but in late years we see a strong movement toward the formation of 
a vertical labor structure rather than a horizontal one. 

A mental review of the large number of specialized processes typi- 
fying factories will show us how completely specialization of human 
effort has advanced and, as a result, with our multiplied requirements 
as consumers, how completely industries and individuals must now 
depend upon one another. 

6. A Changed Attitude toward Consumption. Contrast the atti- 
tude and habits of the individual purchaser of a buggy 50 years ago, 
with those of the buyer of an automobile today. To the average pur- 
chaser, at that time, buying a buggy was an important matter, under- 
taken only at rare intervals. Particular attention was given to the 
lasting qualities of the article and, once acquired, it was used only 
when quite necessary, and kept in good repair. Today, the purchaser 
of the automobile is chiefly interested in performance and appearance. 
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He knows that changes will take place within a few years which will 
outmode the present car, and an exchange system exists which will 
enable him to acquire the latest models. Little attention is paid to 
the facilities for maintenance from his own hands, for he depends on 
the availability of nearby eflScient and cheap specialized maintenance 
service. 

The psychology of consumption has gone through a fundamental 
change. Today, we recognize that, to gain the advantages that come 
from production, we must encourage consumption. The principle of 
^^keep what you have as long as it can be of possible use^^ has been 
replaced by the principle of ^^use freely what you have purchased and 
discard it when something better and more attractive is available.’’ 

Mechanized gadgets of all sorts have entered into our business 
and social life. They have influenced our ideas and conceptions. The 
child today uses technical terms unknown to our grandparents. Our 
imaginations are stimulated by mechanical tricks provided that they 
contribute to our comfort and convenience. Our minds are open to 
new technical accomplishments, and our social standing, to a degree, 
is influenced by the extent to which we use them. The latest in de- 
sign and completeness attracts us, and we spend willingly today to 
obtain as necessities those things which were novelties and luxuries a 
few years ago. Thus, the demand for technical products, representing 
a market for the manufacturer, has come into existence from every 
class of business unit, as well as from the institution, club, home, and 
farm. Public acceptance has been distinctly sympathetic and every 
successful producer has energetically cultivated it. 

7, The Creation of Markets. Emerson has expressed the idea 
that, if one were to build a mousetrap of the highest quality possible, 
sooner or later the buying public would beat a path to the door of 
the manufacturer in its anxiety to obtain the article. This was 
doubtless true before means were found for informing the public of 
the availability of the product and its merits and uses, but today 
this statement requires modification to be applicable. 

Today the greatest skill and vast expense are required to influence 
purchasers to recognize a worthwhile product and adopt a favorable 
attitude toward it and the producer. Many products are offered for 
sale tihat are in advance of public taste and desire, and through all 


23 A child, nine years of age, was recently observed drawing a good likeness 
of an air transport in flight. Someone questioned the fact his plane had no 
wheels. His ready reply was, “Oh, this is a Douglas — a DC-3 — ^and they have 
retraetable landing gears.” 
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forms of sales promotion, the manufacturer endeayors to create the 
demand.^^ 

Pride, affection, fear, and other human qualities are appealed to in 
such promotional effort to a degree never before heard of in our in- 
dustrial history. Por example, factory management is taking greater 
pride in the appearance of the plant machinery and equipment, as 
well as plant layout. Those who sell such equipment make a particu- 
lar effort to encourage and develop the elements of human appeal and 
pride in order to increase the sale of new products offered. Tire 
manufacturers have resorted to a combination of fear of accidents and 
affection for the members of one’s family in selling new tires which 
are supposedly good insurance from blowouts. Many other examples 
may be brought to mind where human emotions have been played 
upon in selling, 

8. The Stimulation of Invention through Research. Most earlier 
inventions were made by such people as mechanics, barbers, carpen- 
ters, and other artisans, for the trained engineer as we know him to- 
day did not exist. We are inclined to assume that the discoverer of a 
principle or the inventor of an article deserves the entire credit for the 
accomplishment. Usually this is not true, for those who follow and 
carry the initial accomplishment through its various stages to the 
point where its practical use is widespread deserve a large share of 
credit. Very few major inventions come into practical use in less than 


Many examples -could be cited of the ridicule heaped upon fundamentally 
new ideas in apparatus and the stori^ of the Wrights in Da3d:on, Ohio, and 
Henry Ford in Detroit are typical. 

Many years ago, a Mr. Spangler of Canton, Ohio, now deceased, suffered from 
asthma. He noticed that the disorder was more severe when his wife swept the 
floor. In his cellar, he rigged up a carpet sweeper with a motor-driven fan, so 
assembled that the dust was drawn into a cloth bag. The contraption was ridi- 
culed by his neighbors. Mr. W. H. Hoover, whose company was engaged in 
making saddles, however, saw not only the future for such a device, but also a 
waning demand for saddles. He assisted Mr. Spangler in his work, and finally 
undertook building and perfecting suction sweepers, with the result that the per- 
fected Hoover suction sweeper finally became an established type and make of 
machine in the field of vacuum cleaning. 

George Westinghouse, in originating the air brake, sought the interest of the 
railroads toward its trial and adoption. At the time, he was selling his replacer 
and frog to the roads, which gave him an opportunity to meet and try to 
interest many railroad executives in his brake. Some of them simply lacked 
the time to listen; others listened — only to ask such foolish questions afterwards 
that Westinghouse knew they had grasped none of what he had just said. One 
day Westinghouse found a ready listener in "Commodore^^ Cornelius Vanderbilt. 
But, at the end of the explanation, Vanderbilt, in a way of directness for which 
he was famous, simply said that the subject was far too imaginative to be given 
serious attention, and that he had ‘^no time to waste on fools,” 
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ten years after the initial discovery, and most of them require a much 
longer period. 

Our earlier inventions were usually the result of individual study 
and personal accomplishment with resources of the most limited sort 
available. 

Today, on the other hand, all progressive companies carry on re- 
search, and many of them maintain large, well-equipped, and expen- 
sive organizations for that purpose. It is fully recognized that, in 
order to maintain a leading position, a manufacturer must make im- 
provements in his product and must develop new uses for it.^^ New 
products,^® too^ to be added to those already being made, particularly 
if they complement existing products, are desirable. Other avenues 
of attack in the field of research are improving and lowering the cost 
of making products which are already available, so that we find ex- 
tensive effort expended upon materials, methods, and processes used in 
manufacture. 

9. The Development of the Large Economic Unit. It will be noted 
that, so far as mechanization is concerned, the whole tendency of mass 
production and mass distribution has been and is toward an increase 
in the size of the economic unit. Where such large units have been 
managed in a manner which protects the interests of the owners, 
workers, and customers, results have been achieved which, doubtless, 
would have been impossible by other means. Only within the last 
few years has a reaction set in toward this increased size in the eco- 
nomic unit, and such reactions have been due even more to social 
reasons than to economic ones. The power held by the management 
of large economic units, often shared in by large financial interests, 
has sometimes been abused, and public opinion has asserted itself in 
a way to control growth and operating policies. Particularly has this 
been true of those who render a product or service which is univer- 
sally required. 

Companies engaged in manufacture or the rendering of a service 
have usually grown in three ways: 

25 Reference : ^^Coal Develops Unexpected Possibilities/' Coal Age, February, 
1039, p. 76. 

26 In its 1937 financial statement, the E. I. du Pont de Nemours Company 
makes the sig ni ficant statement that, in 1937, 40 per cent of its business came 
from products unknown 10 years ago, 

27 Examples of concentric growth are provided by the du Pont Companies, 
General Electric Company, Jones and Laughlin Steel Company, Chrysler Cor- 
poration, and many others which have grown, largely through doing a greater 
volume of business in their chosen fields. 

Examples of companies which have grown horizontally to a considerable 
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Concentrically, i.e., as the result of an increase in the quantity or 
variety of the articles produced or services furnished. 

Horizontally — ^by consolidating with other manufacturers whose prod- 
ucts or services are complementary. 

Vertically — hy reaching forward toward the market and controlling 
distributing outlets, or backward toward the suppliers and controlling 
sources of raw materials and other industrial products usually otherwise 
purchased. 

10. The Growing Wage Scale. It will be seen that, through the 
use of powered tools and machinery, the productive ability of the 
workman has been steadily increased. He is now equipped with many 
mechanical hands, which do more work, do it more imiformly and 
more accurately, and perform repetitious operations without fatigue. 
His job is to know what these hands can do, and to select, direct, and 
maintain them. 

Tariffs on imported manufactured articles, established by our na- 
tional government, have, through the reduction of foreign competi- 
tion, raised the price of the article for the purpose of increasing 
wages, as well as raising revenue — ^thereby elevating the living standard 
of the American workman. The increasing cost of labor has been a 
constant incentive to mechanize our industrial systems for creating 
goods and services. From this has come the elimination of labor at 
the point of manufacture, already described, together with technical 
unemployment as mechanization has proceeded. 

The wages paid and the hours of employment are, therefore, vital 
subjects, involving both economic and social problems and laws. 
The trend toward shorter working hours per week and higher rates of 
income is quite definite. For example, in the building trades,^® the 


degree, by absorbing or consolidating with companies in the same field or allied 
fields, are the Ameiican Radiator Company, which consolidated with the Standard 
Sanitary Company, the American Blower Company, and others to form the 
American Radiator and Standard Sanitary Company; the National Dairy Prod- 
ucts Company; and the American Telephone and Telegraph Company. 

Examples of companies which have extensively grown vertically, by con- 
trolling sources of materials or distributing facilities, are Anaconda Copper Com- 
pany, United States Steel Corporation, and International Harvester Corporation. 

None of these compani^ have grown only in the way indicated, but these 
three methods of growth are characteristic of the development of large industrial 
corporations. 

28 Monthly Labor Review , August 19S7, p. 299, Table 8. It will be noted that, 
since the^ data were prepared, our national government has established a legal 
maximum number of weekly working hours and a minimum wage scale. (See 
Monthly Labor Meviewj July, 1938, p. 107.) 
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distribution of weekly working hours among the total workers is as fol- 
lows: 

10.9% of all employees work less than 40 hours each week. 

70.0% of all employees work 40 hours each week. 

10.4% of all employees work between 40 and 44 hours each week. 

8.7% of all employees work between 44 and 60 hours each week. 

0.4% of all employees work 60 hours or more per week. 

Another trend is shown in the manufacturing industries, where, 
with a base index of 100 in 1914, the index of average hourly earnings 
has risen to 276 in 1937, while the index of purchasing power rep- 
resented by these earnings is 192, as compared to 100 in 1914. These 
figures show clearly how, with a shortening of weekly working hours, 
the standard of living has risen in the past 25 years. Such a trend 
is highly desirable, according to popular opinion, and the chief argu- 
ment being concerned with how suddenly wages should be increased 
aijid working hours shortened. 

THE ENGINEERING PROFESSION 3i 

The original demands upon engineering skill came in the field of 
military activity, and the military engineer was first to be recognized. 
The civil engineer, in contrast to the military engineer, took his place 
as construction work became more common and as cities were built 
which required streets, water systems, and later sanitation. Then fol- 
lowed the architectural, mechanical, mining, marine, gas, chemical, 
and electrical engineers. To this list may be added many more special 
branches of the profession, and subdivisions, as industry became more 
highly specialized. For instance, in recent years, from the chemical 
engineering group has come the metallurgical engineer, and from the 
electrical engineering group, the transmission, the radio, and the illu- 
mination engineers. 

Modern production methods have introduced engineers who find 
their places cross-sectionally in many industries, as the safety or the 
production engineer. 

In the earlier days of our industrial development, many of the 

29 The pureha^g power of money wages is termed ^Veal wages.” A chart 
Rowing “real” weekly earnings in various industries for 1929, 1932, and 1937 
is i^own on page 65, Factory Management and Maintenance, 1938. 

Reference; “Standards of Living,” Gerard Swope, Atlantic Monthly, March, 
1938, p. 341. 

Ref erence : “The Nature of Engineering,” Clair V. VLemi, Civil Engineer- 
mg, April, 1937, p. 260, 
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leading engineers in industry operated independently, as consultants 
in their various fields, and as such served their cliente as the 

physician and attorney. Although in several industries ^^"th£ is. still' 
true, it has been the practice of many of those companies engaged in 
manufacturing, mining, transportation, and public utility work to em- 
ploy much of their own engineering talent. Many manufacturers of 
technical products have employed men to perform an engineering 
service for those who purchase goods requiring some form of service to 
insure their proper application and use. 

The application of the mind trained in engineering to the develop- 
ment of new products, and better and cheaper ways of making these 
products, has assisted in raising the standard of living of all classes 
of our population.^ 

Befei&ence 

T. R. Agg, ^Tlngineering in This New Era,” Civil Engineering, November, 1938, 
p. 711. 


BUSINESS SUCCESS AND FAILURE 

It may well be asked what determines the success of an economic 
unit constituting part of our industrial activity? Assuming conditions 
wherein economic units can flourish, there is only one answer — capable 
management Almost all failures may be traced to poor management, 
and many accidents that cause loss or wreck companies could have 
been guarded against, or entirely prevented, by good management. 

The management of any company engaged in the production of 
goods or the furnishing of services is faced with such factors as the 
following: 

A good location for manufacture and distribution. 

A sound financial structure which provides adequate working capital 

and necessary cash and reserves. 

Consulting engineers still occupy an important position, particularly in 
those industries which involve complicated and highly developed processes, such 
as the manufacture and processing of pulp and paper, mining and smelting, foods 
and chemicals, and textiles, as well as in planning structures of all sorts where 
the engineering and construction functions are often performed by one company. 

33 It is estimated that in 1938, of all wired homes and farms in the United 
States — of which there are approximately 23,420,000, 94'% are equipped with 
electric irons, 51.6% with mechanical refrigeration and 57.5% with electric 
washers. This k indicative of how drudgery has been reduced and more health- 
ful conditions promoted in rich and poor homes alike, through the development 
and price reduction of these technical aids. (Data from Electrical Merchandise 
ing, January, 1939, p, 20.) 

34^ Reference: “What is Working Capital?” American Machinist, Eehm&ry 8, 
1939, p. 
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A policy regarding expansion that is reasonable and conservative, and 
one that is regulated according to a careful study of probable future 
conditions. 

A credit and collection policy which takes customers, as well as sound 
business practice, into consideration. 

The high quality of product made or services rendered, and the 
facilities for maintaining this quality. 

Limiting the efforts of the company to those fields for which it is 
best equipped to serve. 

Establishing a means of performance by which reasonable commit- 
ments are made, and these commitments met. 

Strict compliance with all laws and ordinances established by the 
various forms of government. 

Analysis of all operating costs, and the establishing of prices which 
will render a reasonable profit. 

The establishment of conditions under which all employees will be 
happy, healthy, enthusiastic, and prosperous, both under normal condi- 
tions and those of emergency. 

Protection of property by insurance, or otherwise, against unforeseen 
circumstances which are liable to occur. 

Equipment for doing the best work at the lowest cost. 

Strict control of expenses of all kinds. 

A policy of informing the public about the company, its operations, 
and its products, upon the basis of existing facts. 

A policy and a plan for investigating and evaluating probable future 
conditions which will affect the progress of the enterprise, including 
the market. 

Such items as these could be expanded, but they are the more es- 
sential factors that breed success. The fact that there are so many 
business failures in this country make is increasingly necessary that 
further study be given to the management of business enterprises. 

THE ENGINEER AND BUSINESS 

The young engineer, in assuming his duties as an employee, can 
expand his possibilities for service through the performance of his 
duties in an efficient and complete way. Such growth usually takes 
place in two directions : through a better understanding of the policies, 
organization, and principles of operation of the company for which 
he works; and by a better understanding of what is taking place 
specifically in the field of operation in which his employer is engaged, 
and generally in the entire field of economic activity. 


See Fig. 1, Chapter IV, for curve of business failures in the United States. 
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Viewingy for the moment, the company which employs him, the 
engineer will find, in most instances where a company is engaged in 
furnishing a product or a service, nine distinct functions to be per- 
formed. They are: 

Financing is required, and financial operations are necessary and 
important. 

Research is necessary, both as to material things and markets, and 
also as to methods of accomplishment. 

Design — ^whether it be a machine, bridge, transmission system, or 
determining the kind of service to be rendered. 

Production, or the preparation, fabrication, and furnishing of the goods 
or services to be rendered. 

Purchasing — ^the buying of products or required services. 

Distribution — gaining an acceptance for the product or service, and 
getting it into the purchaser's hands. 

Collection, or the obtaining of currency for the product or service 
rendered. 

Maintenance of that which has been furnished to purchasers. 

Employee relationships — ^attending to those personal matters between 
company and employee. 

These functions vary in importance, depending upon the kind of 
business in which the company is engaged, but, nevertheless, they 
serve as a basis of study in widening the scope of interest of the in- 
dividual in preparing him for further responsibility. In a study of 
these functions as applied to the company which employs the individ- 
ual, he can well determine in his own mind what he would do if he 
had the responsibilities of management. From this point, he can ex- 
tend his study to other companies that are engaged in a similar ac- 
tivity, and thus encompass the particular field or industry — consider- 
ing it as a w^hole. Since industrial activities or integrated industries 
are mobile and change with altered forces from within and varying 
conditions from without, the point of view must be continually 
broadened by a better understanding of what has occurred in the 
past, and what altering forces are in the making for the future. 

Growth of the individual and Hie ability to accept increasing re- 
sponsibility comes not only from a greater knowledge of the particular 
industry in which one is engaged, but also from a greater knowledge 
of business conditions in this country and abroad, and the ability to 
interpret those facts and statistics which become currently available 
from day to day. 
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BUSINESS CYCLES 

In considering the engineer's opportunities to study general business 
conditions and to apply this study to his own company, the subject 
of business cycles is encountered. The business cycle, in itself, is 
interpreted by a running record of business activity taken over the 
years. The usefulness of this record comes from the fact that it 
shows business cycles to have a somewhat definite frequency and in- 
tensity which, to a degree, is repeated. Therefore, it appears that the 
management of a company should be able to watch the progress of the 
existing business cycle and to apply the knowledge gained from a 
consideration of past events to the company's own planned activities 
for the future, thereby avoiding some of the ill effects felt during 
periods of overexpansion and of depressions. New and unknown fac- 
tors, however, are being introduced, the probable results of which are 
most diflScult to predict. 

The Harvard Bureau of Business Research feels that the business 
cycle consists of five distinct phases, which appear in the same order 
for each cycle and are fairly consistent in length of time. These five 
phases may be termed: 

1. Period of depression. 

2. Period of recovery. 

3. Period of business prosperity. 

4. Period of financial strain. 

5. Period of industrial crisis. 

Management, by knowing the symptoms of each of these phases of 
the business cycle, is able to predict more accurately than otherwise 
the trend of the company’s affairs.^^ Business conditions and business 
trends which go to make up the business cycle may be ascertained 
and interpreted from a large variety of sources, each being a running 

Reference : ^'Engineers and Business Cycles,” D. P. Morgan, Chemical & 
Metallurgical Engineering ^ January, 1939, p. 17. 

Management of manufacturing concerns must watch very carefully such 
items as collections, number and size of inquiries, liquid assets, purchase commit- 
ments, volume of Wished and unfinished stock, and prices of required materials. 
Skill is necessary in sensing business changes early, and adjusting operations in 
such a way as to meet them effectively. Some companies discover themselves 
entering a depression with abnormally large stocks of materials and finished 
goods, or, correspondingly, entering a period of business expansion with an in- 
sufiicient supply of these to enable them to capitalize on increased demand. 
Likewise, in financing an enterprise or an expansion, at certain times funds can 
be raised much more readily and cheaply, or bonds or stock sold more favorably, 
than at other times. 
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measure of a certain kind of activity. Such activities may include 
purchasing, finance, sales, emplo 3 niient, production, and many other 
significant items — each of which is affected by business activity,®^ 
and hence may be used to show trends somewhat accurately. Besides 
the general statistical sources which give facts to enable the individual 
to reach more intelligently his own conclusions, there are available 
forecasting services of several varieties. Probably most accurate and 
important are the regular established forecasting services for which 
one must pay a fee, such as Babson^s Reports or the Harvard Eco- 
nomic Service. There are also the publishers of trade papers and 
periodicals, as well as banks and investment houses, that offer a 
forecast service as part of their own news service. As the engineer 
assumes responsibility in the field of business, he will do well to in- 
vestigate such sources as these and attempt to correlate the informa- 
tion he can draw from them with his other statistical data regarding 
the activities of his own concern. 

Figure 10 clearly shows how widely business volume has fluctuated 
over the years since 1894. A brief study of this illustration will bring 
out the ^'recurring” characteristics of the business cycle. 

It is impossible to even make an estimate of the loss which is 
caused by the extreme periodic variations in general business activity, 
and its effect upon efficiency in production and the condition of em- 
ployees. One of the most important questions before engineers, as 
they encounter the broader phases of business, is stabilization. 

Unfortxmately, most nations advance or retrench in their economic 
development according to great waves, governed largely not by fact or 
reason, but by the influence of mass psychology Confidence in the 
future passes from one extreme to another, based not so much on 
logic as emotion. Our particular country is still quite young, and like 
a child jumps from one notion to another. Progress will come through 

One company largely bases its forecasts by following statistical records of : 
(1) steel ingot production, (2) freight-carloadings, (3) bank debits, (4) stock- 
market prices, (5) Federal Reserve Board records of industrial production, (S) 
corporate securities issued for new capital, (7) United States exports, (8) building 
contracts placed, and (9) federal deficits. 

Obviously, the nature of a company’s business will determine the most useful 
statistical factors to select in establi^ng forecasts for future business activity. 
For instance, the supplier of equipment which is required for installation in 
buildings will follow those factors particularly affecting building programs. 

Reference : "The Index of Busine^ Activity and How to Use It,” Business 
Week, September 17, 1938, p. 35. 

40 jg common business failing to wait until a situation is overripe before 
taking action — ^to buy practically at the top of a boom and sell out at ebb tide.’' 
From ^ A Winter of Work,” Power, August, 1938, p. 37. 
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a better understanding by all our people of what constitutes perma- 
nent values, and a greater ability to identify the true from the false. 






The application of those principles which guide the engineer, and his 
methods of approach, hold out the greatest hope in gaining a more 
stabilized business procedure. It requires careful study, however, to 
apply such principles correctly to any given enterprise. Some prod- 
ucts and services, for example, may find their greatest demand during 
times of depressed business activity. For instance, equipment manu- 
facturers are likely to find the demand for renewal parts increasing at 
such times, since purchasers are unable to afford new equipment and 
must maintain the old. 

Variations in the volume of business done in particular classes of 
technical products will follow, to some degree, general business cycles, 
but specific factors applying to one class of product or one industry 
may produce either unusual activity or inactivity, compared .with 
general business conditions. Government programs for irrigation, 
sewage disposal, and flood control, for instance, may greatly stimulate 
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the demand for pumping equipment over certain periods. Periods of 
great industrial activity in the metal-working industry will mean that 
manufacturers of machine tools are busy. Steam boilers will be 
extensively sold when public utilities are expanding and industrial and 
commercial building activities are pronounced. 

The National Bureau of Economic Research of New York — a non- 
profit research society — ^has, for several years, been carrying on a 
study of the character of business cycles. The results of these inten- 
sive investigations are being published. The first volume to appear 
carries the title ^'Commodity Flow and Capital Formation.’^ One 
startling observation is the great decrease which has occurred in 
the expenditures for new durable goods for purposes of production 
and new privately financed construction during the period of the 
business depression itself as compared with the period directly before 
the depression started in 1931. The following table shows these 
figures: 

Expekdituebs foe New Peoducees' Dxjeable Goods 
AND New Pbivatelt Financed Consteuction 


Four-Year Period Previous Four-Year Period During 

to Depression Depression 


1926 

$14,839,000,000 

1932 

$3,560,000,000 

1927 

14,462,000,000 

1933 

3,379,000,000 

1928 

14,492,000,000 

1934 

5,662,000,000 

1929 

14,499,000,000 

1935 

5,999,000,000 

Average 

$14,573,000,000 

Average 

$4,650,000,000 


lOOOi 



Figure 11 . Capital expenditures of the electric light and power industry, 
1921 to 1939- From Electrical World, Januaiy 14, 1939, p. 95 (119) 


The volume of machine tool business done in one month in 1933 fell to 
about 5 per cent of that of a peak month in 1929. 

^2 Table from “One-Legged Nation,” Harry Scherman, Saturday Evening Post, 
December 31, 1938, p. 32. 
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In brief, the business depression starting in 1931 was characterized 
by a lack of activity in the production of capital goods. Figure 11 
serves to bear this statement out by showing the tremendous reduc- 
tion in capital expenditures of the electric light and power industry 
during the depression as compared to the period previous to it. 

Reference 

Randall Hinshaw, ^^Rising Costs and Business Cycle Crisis/^ American Economic 
Review, December, 1938, p. 707. 



CHAPTER II 


PRINCIPLES AND METHODS OF PLANNING 

THE PRODUCTION OF UTILITIES 

Production is the creation of utilities. These may consist of physi-- 
cal 'products for all known uses, or services possessing no physical 
characteristics, but nevertheless useful in the creation of wealth and 
well-being. 

In lie creation of utilities, the problems encountered are of a physi- 
cal, economic, and social character, and a program of procedure based 
upon known facts and known laws must be adopted, if these utilities 
are to be real and practical. 

Planning an economic undertaking is for the purpose of deter- 
mining: 

Whether to proceed with the accomplishment of the undertaking. 

When to proceed with it. 

How to proceed with it. 

Of course, one of these factors cannot be determined and a decision 
reached without consideration being given to the remaining ones. 

The engineer engaged in technical work is called upon to assist or 
direct the gathering and putting together of facts upon which the plan 
of procedure will be based. However, such planning is by no means 
limited to the construction of machines or the erection of structures, 
for plans are of equal importance in connection with research, produc- 
tion, maintenance, and distribution programs, all of which require an 
economic viewpoint when relating to technical products. As we go on, 
we shall see how important systematic planning is to industry, and 
how the engineer fits into this function best.^ 

LAWS OOVERNING PROGRESSIVE THINKING 

The individual has progressed over the centuries largely by imita- 
tion-copying what has been done before and becoming expert in the 
doing— and by developing new ideas interpreted into new processes 

^ Reference: ^Engineers and Economics,” M. E. Leeds, Electrical Engineering^ 
Febmajy, 1937, p. 206. 
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and products by the ^^trial-and-error” method. As economic units 
have become more highly organized and individual effort specialized, 
the importance of greater efficiency in progressing from the known to 
the- unknown has become more pronounced. Greater attention is 
therefore being given both to the methods by which the individual 
can proceed in progressive thinking, and also to the methods by which 
a group of individuals, each thinking along specially assigned lines, 
can as a group proceed toward a goal of accomplishment previously 
established. 

Progress in this direction follows four steps in logical sequence, 
which must be followed both by the individual and the group : 

a. Observation is the first essential, and in this most of us as individuals 
are decidedly deficient. It is obvious that, to improve a product or an 
economic service, we must identify, recognize, and record every fact 
that can be determined regarding the product or service. 

fe. Classification of these facts comes next, so that they will stand out 
before us in their true relation to one another. 

c. Inferences or conclusions: Prom these observed facts, properly ar- 
ranged, progressive thinking calls for a decision in reaching inferences 
or conclusions which will give direction to the use of the information 
already determined. 

d. Application: The application or putting to use of the conclusion is 
necessary to complete the effectiveness of progressive thinking. 

We find in industry many cases where progress is hindered or 
ineffective because of the individuaFs lacking an appreciation of the 
value of progressive thinking. Facts may be inaccurate or incomplete, 
which leads to improper conclusions.^ On the other hand, all the facts 


2 Many of our tentative conclusions prove false when all pertinent facts are 
determined and set down. 

Some years ago, an automobile manufacturer was struck with the idea that 
by minor modifications the automobile engine could be made into an air com- 
pressor, If the automobile manufacturer were to supply air compressors in 
addition to automobiles, an advantage would be gained in the cost of manu- 
facture of both air compressors and automobile engines. On further investigation, 
it was found that air compressors were required by the market in a large 
variety of sizes, with certain modifications depending, for instance, upon the 
pressures desired. It was also found that the method of selling and servicing 
air compressors was quite different from that required for automobiles, because 
the market differed. These and other facts proved the initial assumption to be 
incorrect. 

All of us have looked upon glass as a very brittle substance, and could 
scarcely conceive of its being produced in flexible form. This notion has been 
proved false through the perfection of fabrics made from extremely fine and 
specially spim glass thread. Gur original prejudiced notions have proved false, 
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may be there, but they may not have been properly arranged and 
evaluated, and hence the improper conclusions are reached. Again, 
the facts and conclusions may be correct but their application is not 
pursued to finality, so that progressive thinking has fallen short of 
fulfillment. 

Suppose that the engineer is called upon to lay out a highway 
throughout a mountainous district. He must first gather complete in- 
formation upon the contour of the country and its physical structure. 
He must find what equipment, materials, and labor are required to 
provide a highway suitable for the traffic conditions set down, and 
where these may be obtained. These and similar facts being obtained, 
they must be classified so that they can be compared in relation to 
one another and to the end sought. Next, from these facts definite 
conclusions must be reached, a t3rpe of highway and a route selected, 
and these conclusions applied toward the completion of the under- 
taking. 

An engineer is called in to correct trouble experienced with the 
bearing of a steam turbine. He at once examines the bearing itself, 
measures the temperature, analyzes its construction, determines the 
grade of lubricant used and the means and extent of circulation, ex- 
amines the surfaces and materials employed — in fact, obtains all ob- 
servable facts. These facts are carefully tabulated, classified, and 
evaluated in relation to one another. He concludes that the bearing is 
properly proportioned and of ample size, that the materials are suit- 
able and the lubricant the correct one. The trouble is due to an 
insufficient flow of the lubricant, and an application of the process 
of reasoning leads him to adopt a better method of forced lubrication. 

NECESSITY OP PLANNING 

Consider how weak would be the position of an engineer in charge 
of a factory power plant, if he faced the management of his company 

and we are accepting this product as of use in industry, for purposes for which 
it has heretofore been considered entirely impractical. 

The idea that solidity was necessary for machinery involving moving masses 
was for a long time uppermost in the minds of designing engineers. Massive 
foundations and framework were thought desirable in order to kill shock and 
absorb vibration. Such conceptions have, to a degree, proved false, and flexibility 
and resilience and the introduction of pliable materials have come to be recog- 
nized as desirable. 

Early electric irons were heavy and difficult for the housewife to move about, 
but there seemed no relief for her, since weight was believed to be the major 
element in a pressing job. After heavy irons had been used for many years, the 
realization came that, if the amoxmt of heat were brought up, weight could go 
down, and so, today, we have light-weight, efficient irons. 
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with the simple statement, “We need new steam boiler equipment and 
I would like to receive authormation to purchase this and have it 
installed/' Why is the equipment necessary? Cannot the present 
equipment be overhauled and kept? What will it cost? What will it 
save? How can we get steam while the change is being made? These 
and many other questions of economics would be asked by the man- 
agement. Without a carefully worked-out plan dealing with funda- 
mental matters, and such details as are necessary to establish them, 
the engineer's request would merit and receive no serious attention. 

First, then, comes the establishment of the need, and this need may 
be created by existing conditions or by a new set of conditions. A new 
boiler plant may be planned, not because the old one is worn out, but 
because a new and much more efficient form of boiler becomes 
available. 

Second, comes the development of a plan to meet the need, for the 
purpose of reaching a decision. This may come in several steps, with 
alternatives explored. Such plans as are necessary to arrive at a 
decision having been made, much of the work required for final ac- 
complishment is done, and proves useful later, assuming that the proj- 
ect is to be carried through. Planning often proceeds by steps, 
checked by decisions to proceed further, in the interest of economy. 

Third, comes the final decision to proceed, with the time set for 
starting and completing the undertaking. 

In passing we should note that economic factors are not the only 
ones to receive consideration. The new boiler proposed may, for in- 
stance, involve a change in fuel employed, and an automatically con- 
trolled coal-, oil-, or gas-fired boiler may be proposed to replace one 
which has been fired by hand. By such replacement, the services of 
one or more men might no longer be required. Management is at 
once confronted with a social problem, in addition to an economic 
problem. 

Usually, in physical planning, these elements are always present 
to some degree or other: 

Space elements relating to location or physical dimensions or shape. 

Materials to be employed. 

Labor or human skill and effort necessary. 

Financial investment initially or subsequently required. 

The element of time. 

The element of time may well be emphasized. We, as a people, 
have been rapidly becoming more “time conscious.” Since our work 
is continually more cooperative in character, we must fit our move- 
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ments in with those of others. We proceed largely on schedule, and 
if we fail to perform at the right time, the results of our failure go 
far beyond ourselves and are multiplied. Orderly procedure requires 
that all operations be timed, not that each be done carelessly and in 
haste, but that all operations be coordinated to produce the best final 
result. 

Time is an important element in all classes of construction work, 
because losses of some kind come into being as the result of any delay 
in the completion of the structure.^ Usually, most structures must be 
completed at a certain date, and often a clause is inserted in the con- 
tract penalizing the contractor for any delay. On the other hand, too 
rapid construction work, as in a concrete highway or the foundation of 
a building where insufficient time is allowed for the concrete to set, 
may lead to material loss. 

Many companies which build machinery and equipment have met 
with ultimate failure simply because they have not brought out new 
and improved lines of apparatus promptly enough to meet a competi- 
tive market. Similarly, many producers ^ have waited until competi- 
tors undersold them, before they set about designing equipment which 
could be built cheaply. 

Many companies have also developed products so far in advance 
of the times that they had to be laid aside, and taken up later when 
the acceptance of the product was more clearly established. 

Transportation companies find time the major element in their 
success or failure. People fly because the airliners span the continent 


^The erection of a large office building in one of our cities, such as the 
Empire State building in New York, serves as a good example of the timing of 
materials, services, and specialized labor. There is seldom space for storage 
of materials upon the site. After the erection of the steel skeleton, certain 
materials are required in specific order and quantity, and they must be de- 
livered at an exact time. Sufficient skilled labor of the particular variety re- 
quired must be on hand. Services — such as electric power, elevators for haulage, 
water, steam for heating, telephone connections for communication, and sewage 
systems to dispose of waste — ^must be made available, not only to meet the final 
requirements of the complete building, but also for use while the building is 
under construction. 

-*One manufacturer of a small machine built in quantities lost money con- 
sistently on this item for twelve years. Originally, the machine sold for $15, but 
each year competition forced the price lower, and, through improved design, 
cheaper manufacturing processes, and increased quantity production, the selling 
price finally reached $5 per unit. Each year, this manufacturer reduced his cost, 
but only after having been forced to do so by competitors. As a result, costs 
went down after prices went down, instead of before, and there was a yearly 
loss instead of profit. A profit could have been realized had the manufacturer 
planned and carried out his cost-reducing programs in advance. 
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overnight. They use the railroad that has the fastest streamliner, or 
the most rapid freight delivery service. Transportation companies 
must reckon with time day and night in order to survive. 

FACT FINDING 

It is impossible to prepare a formula which can be followed for 
finding all the facts which the engineer needs in planning an engineer- 
ing project, because of the wide difference in the nature of projects 
encountered. 

These are the principal factors which must be considered in plan- 
ning technical products: 

Will it meet the performance requirements economically? 

Will it meet all hazard? 

Will it last in a state of efficiency? 

Can it be easily and cheaply maintained and repaired? 

Does it meet the five senses appeal? 

What will it cost? 

How long will it take to accomplish? 

In proceeding with the design of a structure or machine, the engi- 
neer is at once faced with the necessity of finding facts relating to its 
use, manufacture, distribution, and maintenance. 

Consider the engineer who is undertaking the design of a blower 
for the purpose of ventilating a building. A specification is prepared 
indicating the volume of air to be handled, pressure required, and 
temperature. Being an engineer, he knows definite facts about the 
laws relating to the movement of air. Information about the char- 
acteristics and costs of available materials is obtainable. These are 
all definite matters, and it would appear that the engineer could at 
once proceed to design the blower. Although it might be designed, the 
chances are that it would be entirely unsatisfactory to the manufac- 
turer himself and to many users, distributors, or individuals in charge 
of maintenance, unless other factors than these were taken into con- 
sideration. The user might say that the blower was useless because 
it was noisy. The distributor might refuse to sell it because it was 
hard to ship and install, and unattractive in appearance- Those who 
might be called upon to maintain it might object on account of diffi- 
culty in lubrication. The manufacturer of the blower might object 
because it was designed without regard to economical manufacture, 
and the cost of producing it was entirely too high. 
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Thus, in planning the blower economic factors take precedence at 
every step in proceeding in the design based upon physical laws and 
materials. In short, the article produced does not have its full value 
of utility, and the profit motive for producing it is not satisfied, unless 
these factors are considered. 

The engineer, therefore, is confronted not only with the necessity 
of information of an engineering nature, but information of an eco- 
nomic nature, for without economic facts, the engineering facts availa- 
ble to him become simply interesting playthings. 

Facts necessary to establish an economic plan for a piece of equip- 
ment may in their nature be obtainable only from experience with 
similar equipment in service. 

Information required for drawing up an economic plan for a struc- 
ture such as a building ® or a bridge may depend not only upon ex- 
perience gained with similar structures, as regards, for instance, the 
life of certain materials, or long-time records of weather and water 
levels, but also upon specific conditions applying to the individual 
structure. 

A recent example of failure of design to meet specific conditions was 
witnessed on a railroad during a flood. Supposedly, the new luxurious 
coaches were complete in every phase of design, but when the necessity 
of running the cars through high water was encountered, it was found 
that the air-conditionmg apparatus mounted beneath the low-swung cars 
would not permit the operation of the coaches without damage to such 
apparatus. The older coaches, with their greater clearance, were able to 
operate in the water without damaging any suspended apparatus. 

A certain type of material used in the heating elements of electric 
stoves was thought to be a very great improvement over any previously 
used material at the time it was incorporated into the design of the 
heating elements. Exhaustive tests seemed to bear this out. But, on 
distribution of the units, it was found that in a certain part of the 
country, owing to climatic and weather conditions, the units simply 
would not stand up even though everywhere else that they were intro- 
duced they were entirely satisfactory and an improvement over those 
made of the old material. 

5 Several years ago a large hospital in one of our eastern cities was almost 
completed when one haK of the building settled about two feet. It was discov- 
ered that the architect who designed the structure had not made complete and 
adequate test drillings to determine the ground structure, so that suitable founda- 
tions could be provided for the strueture, as a part of his design. 
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MAKING DECISIONS 

One capable business executive, when confronted by the necessity 
of making a decision of consequence, draws a line down the middle of 
a blank page and puts down on one side of this line the reasons in 
favor of an action, and on the other side the reasons against it. Then, 
by balancing the two groups of reasons, he reaches an intelligent de- 
cision. Many of us are inclined to determine in our own minds the 
proper course to follow, and then attempt to justify it by selecting 
facts that will prove our case. Such decisions based upon ^'hunches^’ 
have only a gambler’s chance of being right; they may be excusable 
as the answers to the personal problems of the individual, perhaps, but 
not to the economic problems which face the engineer. Engineers are 
usually employed by business organizations, and their decisions must 
be as nearly correct as it is humanly possible to make them, upon the 
basis of facts, experience, and judgment. 

Decisions involving engineering economy can best be made by: 

A clear definition of the problems and conditions to be met. 

An application of these facts to the problem. 

A consideration of all possible alternatives determining the method and 
materials to be used. 

Finding the cost. 

Evaluatiag the results both direct and indirect. 

Suppose that the management of a furniture factory is faced with 
the problem of making an addition to the factory in order to take care 
of incoming business from customers and that which is immediately 
in sight. A decision to proceed depends upon facts which can be set 
down accurately, and also upon intangible elements which are to be 
evaluated largely by judgment. The final decision to be reached is 
^^should it be done,” ^'to what extent,” ^Vhen,” and '^how.” In making 
the final decision, questions such as the following must be answered: 

Polky. Is it the policy of the company to expand — should another 
plant be considered, perhaps more favorable as to location in relation to 
labor, market, and raw materials? How will the addition be financed? 

Incoming biLsiness. What orders are booked and what commitments 
made? What volume of business can be booked during, say, the next 
five years? 

Cost, Estimated cost of addition and equipment; alternates as to 
quality of structure and equipment. Are business and equipment costs 
going up or down? What effect will this addition have on the operating 
cost of the entire factory? What additional expenses will be necessary 
to rearrange existing equipment to make an efficient layout as a whole? 
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When, How long will it take to construct the addition? To buy and 
install equipment? To train additional labor before there will be a return 
on investment? Will it be wise to pay a premixim for rapid completion? 

How. Should the addition be deigned and erected by the company^ 
own employees, or placed in the hands of an outside engineer and con- 
tractor? 

These questions and many more must be decided in order to arrive 
at a final decision regarding the project as a whole. Some simple ques- 
tions depend upon assembling of facts, and they solve themselves; 
others are ones upon which factual information is quite scanty and 
such facte as do exist must be evaluated and the decision based on the 
exercise of judgment. 

The capacity and cost of the addition can be closely estimated, 
as well as the time required for completion. However, general busi- 
ness conditions and the volume of incoming orders at the time of com- 
pletion and for the succeeding months and years cannot be accurately 
foretold; they must be estimated, exercising careful judgment, and 
using such data as business trends, plans for number of sales people, 
and the past history and probable future for the demand of the par- 
ticular product. 

In leaving the matter of making decisions, three factors often con- 
sidered in arriving at a wise conclusion should be briefly mentioned. 
They are “point of diminishing returns,” “minimum cost point,” and 
“break-even point.” 

The point of diminishing returns is well illustrated in the insulation 
of a house, where insulating materials are inserted in the walls and roof 
to decrease heating costs. As the amoimt of insulating material used 
increases, increased benefits are obtained in the saving of fuel, but a 
point is presently reached where additional insulation fails to produce 
an increasing saving, and thus is not economically justified. 

In short, the point of diminishing returns is that point at which 
the benefits derived from an increase in the expense devoted to a factor 
of improvement fail to justify the increase — ^judged from total results 
obtained. A plant assembling small mechanical apparatus, requiring 
the use of many small nuts and screws, may lose much by such small 
parte being thrown away as scrap during the rush of production. Say 
that by slowing down production 1 per cent, in order to reduce waste, 
three times as much can be saved as is lost by the slower schedule. 
Slowing production 2 per cent eliminates more loss, but the saving is 
only equal to ihe loss in time. At 3 per cent reduction in production, 
not enough is saved through scrap-loss elimination to pay for the time 
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lost. Or, again, a manufacturer finds the eflBiciency of his workmen 
increases when they are given five minutes' rest every hour. Efliciency 
is still greater with ten minutes' rest, but the increased efficiency fails 
to make up for the time lost— making it a matter of diminishing re- 
turns to give the men more than about five minutes' rest per hour. 

Minimum Cost Point In the design of a structure or product, 
there are often various factors of design which can be changed without 
affecting the function of the design as a whole. When we find that 
combination of factors, the total cost of which is the least, we have 
reached what is known as the minimum cost point of the design, or 
that point at which we achieve our purpose for the least outlay.^ 

The use of the break-even point is often especially valuable when 
we have two alternate ways of doing something. Under one set of 
conditions, it may be economical to do a job one way, under other 
conditions, another way. But what are the conditions at which the 
most economical way of doing something changes from the use of 
one method to another? If these conditions are not known, how are 
we going to tell which method is better fitted to our particular case? 
Hence, it is important to discover, wherever there are alternate 


^As an example, consider the design of a particular electrical control panel. 
The manufacturer has, based upon quantity manufacture, certain standardized 
metal cabinets, switches, relays, and other accessories which are available for as- 
sembly into a complete unit. 

He wishes to install a standard $20 switch in a cabinet to be wired complete 
with relays and other accessories. The $20 switch, he finds, fits a standard $30 
cabinet, but does not leave room for regular $5 relays— two of which are required. 
The switch and relays, will, however, fit a $40 -cabinet, or, by using special small 
precision relays at $7.50 each, the $30 cabinet will be large enough. Regular re- 
lay mountings cost $1 per relay while those for the smaller $7.50 relays are $1.50 
each plus a drilling charge of 50^ per relay. The handle for either the $30 or the 
$40 cabinet is $2, and wiring charge $1. Still another possibility is for him to use 
a $45 cabinet with a combination one-piece unit consisting of switch and relays, 
total cost of which is $27. No drilling or relay mounts are required, but the 
handle is $3.50, special insulation $2, and wiring $1.50. What is the minimum cost 
combination for the required design? 


Combination 1 


Small cabinet $30 

2 special relays 15 

Relay mountings 3 

Relay drilling 1 

Handle 2 

Wiring 1 

Switch 20 

Total cost ,,.$72 


Combination 2 


Large cabinet $40 

2 regular relays 10 

Relay mountings 2 

Handle 2 

Wiring 1 

Switch 20 

Total cost $75 


Combination 3 


Cabinet $45 

Relay and switch . 27 

Handle..., 3.50 

Insulation 2 

Wiring 1.50 

Total -cost $79 


Thus, we see how the minimum cost point has been determined by finding the 
combination that will result in the lowest cost. By using the special relays, a 
saving is made over both alternatives. 
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methods of doing a job mder various conditions, just what the condi- 
tions are at the point where the change of methods takes place. That 
point at which conditions are such that it is just as economical to do a 
job one way as another has become known as the break-even point, 
and we must know the conditions existing at that point before we can 
wisely choose our method. These “conditions” may be of any kind, 
depending upon the particular situation involved/ 

INTANGIBLES OR "JUDGMENT FACTORS” 

By this time it will be observed that planning, based upon selec- 
tions and decisions, is by no means a thoroughly scientific procedure 
because “judgment factors” or “intangibles” are continually bobbing 
up, where proof is impossible. Nevertheless, if all decisions rested only 
upon exact data, progress would be slow or impossible. 

The engineer in designing a cutting tool for a proposed machine 
deals with known facts regarding metals, lubricants, and pressures, 
but the engineer who designs an automobile body is confronted by the 
customers^ opinions and tastes relating to form and color. 

The engineer assigned to design a plant to produce a new product 
of given quantity and quality deals largely with known facts and 
experiences, yet he must consider the possibility of alterations in 
product, in volume output requirements, or in the class of labor 
available. 

The sales manager who undertakes developing a sales plan is deal- 
ing largely with human characteristics both as to the acceptance and 
the selling of the product. 


7 For instance, in deciding whether to build a road of bituminous mat or 
concrete paving, the conditions determining the break-even point would probably 
be traflSc density and nature of traffic, since pavement stands up well under 
extreme traffic conditions, while bituminous mat, if subjected to traffic consisting 
of rapidly moving trucks and other heavy vehicles in great numbers, has a 
tendency to become “wavy” and rough, and to develop holes. Thus, above a 
certain traffic density and weight of vehicles, as shown by a survey of traffic, 
a paved surface would be more economical, while below this point (known as 
the break-even point), bituminous mat would be more economical. At the true 
break-even point, either type of construction should be equally economical. 

On the other hand, if a power-transmission line is to be constructed in which 
fche company is faced with putting in a cheaper line and suffering losses, or spend- 
ing more initially for a line with little loss, the break-even point would be deter- 
mined by the operating characteristics of the ^stem. If the power transmitted 
were more than a certain amount, chances are that the higher-priced line would 
soon pay for itself by reducing loss, but if the power requirements are below this 
point, the losses may be small enough so that they may never amount to the 
extra expenditure necessary for the better line, and hence it is more economical 
to u^ a cheaper construction and suffer the losses. 
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In making plans, therefore, the more the human element is in- 
volved, the more pertinent become judgment factors” in reaching de- 
cisions. ^'Judgment factors” are usually found emphasized wherever 
matters like the following are uppermost: 

Where the question of technical developments is at stake: 

When the domestic ice machine was being introduced, a manufacturer 
of ice-making machinery had to decide whether to spend liberally in the 
redesign of his machinery in order to make it more efScient. 

Where the question of public demand exists: 

When the gasoline-driven farm tractor was developed to the extent that 
it could be used in a practical way, there was considerable question 
whether farmers would purchase it in any quantity because of their 
habitual use of draft animals. 

Where the volume of demand has not been established by experience^ 
and may vary with business conditions: 

This factor is confronted by almost all organizations manufacturing prod- 
ucts or rendering services. Judgment is of vital importance in establishing 
manufacturing schedules, locating a new telephone exchange, or erecting 
a new gasoline service station. 

Where natural hazards or accidental conditions may exist : 

How far above previously recorded flood levels should a power plant 
located on a river be erected? 

Where financial matters are involved: 

One may have to decide whether to apply existing funds to a project in 
place of using them for other needs, or whether to borrow money, if funds 
are lacking and credit exists, to carry out a desired project. 

Where public relations are involved: 

The effect of an increase or decrease of power rates on the part of a 
public utility may well tax the judgment of the management. 

Where a change in company policy is involved: 

A manufacturer of equipment may have been selling his complete out- 
put through independent mill supply houses. In order to reach the 
market in a more adequate and economical way, he may consider estab- 
lishing his own branch offices to sell to customers direct. 

It will be seen that judgment factors may be of as much as or even 
more important than definite facts. Whether the problem involves 
considerations of a social, economic, financial, or physical nature, 
there is a likelihood that judgment factors play an important part in 
the solution of every engineering problem. 

One condition where judgment factors or intangibles come in for 
a great deal of consideration is in deciding whether an alternative of 
an original plan would not be the proper solution of a problem. Too 
often, in J)lanning an improvement or a change of some sort, not enough 
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attention is paid to alternate ways in which the same result can be 
gained and with a greater rate of return or less investment.® 

Previous mention was made of the important break-even point in 
choosing between alternative ways of accomplishing something. In 
the example cited in footnote 8 of the railroad faced with the problem 
of increased tonnage and inability to handle it with existing motive 
power and grade conditions, the break-even point comes into play and 
can be determined only through the use of intangibles or judgment 
factors concerning future tonnage conditions. That is, the break-even 
point is undoubtedly determined wholly, or in part, by some set of 
tonnage conditions. If the increased tonnage is over a certain amount, 
it is quite likely that the decision reached will call for a grade-reduc- 
tion program, while, if it does not reach this point, the original plans 
of increasing motive power may be the more economical. Thus, it is 
seen how very complex the whole situation becomes, since both plans 
are ones involving great amounts of expenditure, and hence they must 


* An excellent example of this kind is fnmished by a railroad faced with condi- 
tions of increased tonnage beyond the capacity of existing motive power. On 
first thought, engineers might begin to plan the purchase of heavier motive 
power which could handle the added tonnage. Second thought, however, brings 
up the alternative of a grade-reduction program to enable existing motive power 
to handle the extra tonnage. Judgment factors are numerous, and, if carefully 
considered, it may be determined that perhaps the grade reduction would so econ- 
omize all operations that its extra cost over that of new motive power would be 
easily justified. A few of the judgment factors to consider are the immediate 
need for heavier rails and bridges, new roadbed, and heavier and redesigned oper- 
ating and maintenance equipment in the event that heavier locomotives are pur- 
chased. It is easy to see how these rather obscure factors might tend to throw 
a new light on the proposal of new motive power and change the plan, instead, 
into one of grade reduction. (See “Principles of Engineering Economy,” by E. L. 
Grant, Ronald Press Company, 1930, Chapter 16.) 

A machinery builder sells a large machine to an important customer for 
$10,000, upon which there is an estimated net profit of $1(XK). The machine is 
to be delivered in 90 day^ from receipt of customer’s order. At the expiration 
of 70 days, the machine is sufficiently complete to move to the testing floor for 
the purpose of making a trial run. IDuring the move, an accident occurs, which 
will require 30 days to correct and at a cost of $500 under normal shop operating 
conditions. By working night and day, involving overtime expense, the correc- 
tion can be made within 15 days at a cost of $750. The ultimate purchaser is 
very anxious to obtain the machine according to the original shipping promise. 
Which course should be followed in correcting the accidental defect? Obviously, 
the answer depends largely upon matters of judgment, because factors relating 
to the machinery builder’s reputation, the importance of additional business from 
this particular source, and the intensity of the purchaser’s need for the machinery 
according to the original delivery date are to be evaluated according to opinion 
before a decision is reached as to procedure. The shop cost of correcting the 
defect, and the consequent reduction in profit, together with the time required, 
are the only facts of a fixed nature to go on. 
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prove adequate in the years to come. And to be such, it is necessary 
to consider many intangibles affecting future tonnage, so that the 
decision will not be based entirely upon the conditions of increased 
tonnage, as they exist today, but upon what will exist in the future, 

WILL AN INVESTMENT PAY? 

Much has been said of the importance of planning an industrial 
undertaking, and of the favorable position of the engineer in doing 
this because of his habits of making decisions by a thorough analysis 
of facts — ^both real and intangible. The primary question that the 
engineer must answer in planning an investment or an economic under- 
taking is— will this undertaking pay? Just what, we might ask, con- 
stitutes a paying investment? 

In general, an investment may be said to be a profitable one only 
if it yields a revenue which furnishes a “fair rate of return.” It now 
becomes necessary to set a value which may be considered a “fair rate 
of return” and then, by careful analysis, to estimate the actual revenue 
or return on the investment to see if it comes up to this set value. 

In setting a value for a fair return, two factors must be given 
consideration: 

1. What is the current rate of return that is available by the invest- 
ment of the funds that are anticipated for this undertaking in some other 
conservative place ? 

2. Upon what additional rate of return should our calculations be 
based in order to justify the uncertainties of the undertaking? 

The first consideration — ^that of current rate of return on any other 
conservative investment — ^is easily determined as a matter o*f known 
fact. The latter rate, based upon the uncertainties of the undertaking, 
is more difficult and involves many intangibles. For instance, such 
factors as the future of the industry, competition, changing market 
conditions — all these have to be considered. Likewise, errors or risks 
which may be overlooked in the estimation of costs are uncertainties 
which must be considered when calculating a fair rate of return. 

When a value for the current rate of interest, as well as one justify- 
ing the hazards and uncertainties of the undertaking, have been arrived 
at, the sum of these two represents the minimum rate of return upon 
which to base any calculations used to decide whether to make the 
investment. 

Consider that an engineer is called upon to decide upon the erection 
of a $100,000 plant for the making of “alco-gas,” a blend of alcohol 
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and gasoline which the organizers believe will be a better and cheaper 
fuel than gasoline. 

The engineer first estimates the gross income from the sale of the 
new product from this small plant as $75,000 annually. A careful esti- 
mate of the annual expenses for this production volume, including 
management, labor, materials, depreciation, and all other expenses, is 
$54,000. This leaves an estimated return of some $21,000 on the pro- 
posed $100,000 investment. In order to justify the construction of 
this project, then, it is necessary to determine whether this figure is a 
^Tair return’^ on the investment. 

The engineer first finds that 4 per cent is the prevailing interest 
that may be secured at the time on a conservative investment. Next, 
he considers many things, including the chances for acceptance of this 
new product by the public, the chances for competition in price or 
product by the gasoline interests, chances for dissatisfaction with the 
product after it has been introduced and tried, continuation of avail- 
ability of raw materials and anticipated prices for them — all these and 
many more judgment factors are carefully weighed, until finally the 
engineer decides that an additional 14 per cent return must be shown 
in the calculations to take care of all these xmcertainties. Combina- 
tion of the current rate of return and this figure shows that the return 
upon which to base decisive calculations is 18 per cent. It was shown 
in the estimated annual return that $21,000 would be earned on the 
investment. This is 21 per cent, and therefore it is agreed that this 
project should be undertaken and that it will, in all probability, be a 
pa3ring one. 

From this example, it is easy to understand the many considera- 
tions that confront engineers in planning an undertaking such as this. 
Other examples could be cited where both tangible and intangible fac- 
tors determine whether the investment or xmdertaking will be a paying 
one. Whether it is an addition to a factory, the addition of a new 
product to a line, the installation of conveying equipment, a foundry, 
a new advertising campaign, or merely the addition of a new salesman 
— ^the question first and foremost before the decision to go ahead is 
made is — vnll this investment pay? 

ENGINEERING REPORTS 

Plans, as we have seen, are based upon the gathering and arrange- 
ment of facts, and the drawing of eonclusions from these. The facts 
gathered, in most instances, relate not only to physical but also to 
economic conditions, and the conclusions to be reached are based upon 
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economic as well as physical principles. Since the engineering report 
is the common method of presenting plans, conditions, and conclu- 
sions, it is highly desirable that we clearly understand how such a 
report can best be prepared. In practice, most engineering reports 
must provide material necessary to reach a final economic conclusion. 

For instance, an engineer is assigned to test a Diesel engine of 
modified design recently put in operation. In addition to the actual 
performance of the machine, its success depends largely upon various 
factors of cost, such as outlay for fuel, maintenance, repairs, founda- 
tions, and installation, and, unless facts of an economic character are 
gathered and interpreted, soimd conclusions cannot be reached, because 
they deal with one phase of the success of a business enterprise. 

The purpose of any engineering report is to outline clearly, con- 
cisely, and accurately all pertinent facts concerning a situation or 
problem, satisfying the purpose for which the report is prepared. Re- 
ports will, obviously, differ greatly, but those most frequently pre- 
pared fall into the categories outlined below: 

Operating reports^ which deal with performance, over a period of 
time, of a piece of apparatus, a production process, a construction project, 
or an enterprise. Such reports deal mainly with technological and eco- 
nomic facts, to show the conditions and results Of performance — or non- 
performance. 

Research and experimental reports, which deal with an exact descrip- 
tion and interpretation of observations of a carefully planned process of 
research or experiment. 

Design or construction reports, which deal with the character, merits, 
and limitations of a proposed new or changed structure, leading to the 
decision to proceed, modify, or disregard suggested procedure. 

Various phases of the above classification of reports may be covered 
by individual reports, such as reports on valuation, costs, materials 
used, labor necessary, or outside assistance required. Reports may be 
also of a preliminary nature, to present facts upon the desirability of 
further investigation. 

No matter how long or short the report may be, he who prepares 
it should have clearly fixed in his mind, or on paper, the outline to be 
followed, establishing a logical arrangement. The writer should never 
strive toward a style which represents only an attractive example of 
expression, but rather make every effort to express briefly, with great- 
est clarity and simplicity, his facts and conclusions. 

Engineering reports will, of necessity, differ greatly in their size and 
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mass of supporting evidence, no matter what the nature of the report 
may be. 

Preparing an Engineering Report. In preparing engineering re- 
ports, planning is the first and most important step. Not only the 
report itself, but also the collection of information,® its study, and 
analysis must be carefully planned. To begin work on an engineering 
report without a plan or outline of what is desired, and what informa- 
tion is needed and where it may be found, is no less disastrous than 
a motor trip in unknown territory without a map. A few of the essen- 
tial points to bear in mind in writing an engineering report are: 

Arrangement, At all times, a plan of arrangement should be carried 
out which will, in logical sequence, lead a reader from the statement of 
the problem at hand, through the facts, principles, and arguments as 
they are presented, to a definite conclusion. 

Clearness. The report must leave no doubt in the mind of the reader 
on any point.^^ This may require statement of theories and definitions 
of terms used. 

Conviction. A report must be such that the reader can easily examine 
it thoroughly, and have sufficient reason for being convinced that the 
conclusions are well made. A conclusion lacking conviction is worthless. 

Brevity. Although some reports on extensive projects or compHcated 

^The four general sources of infonnation to which an engineer may go in 
finding a solution to a problem are: 

1. Information possessed by the engineer, himself, in his records and 
memory. 

2. Infonnation possessed by others in a particular field — ^in their records 
and memories. To secure and use this usually involves some form of credit. 

3. Information available only by conducting analyses, tests, experiments or 
surveys. 

4. Information available in published form relating to some particular field 
or profession. 

The importance of eliminating doubt in reports was brought forcibly home 
to the author on one of his first assignments with a steel company. A section 
of a mill was being remodeled, and, to facilitate this, great amounts of materials 
were put on railroad cars which were taken several miles away to a sidetrack — 
later to be returned as the equipment was needed. The author^s job was to keep 
a record of what was on each car so that, when the material was needed, the car 
could easily be located and brought to the mill. 

When the last car had moved to the siding, the author’s report seemed very 
complete to him. Every piece of equipment and the number of the car on 
which it could be found were carefully recorded. The ^ffioss” then asked for the 
report for use in locating equipment as needed. He looked over the rows of 
car numbers — ^then asked, ‘^What railroads do these cars belong to?” The author 
had recorded none of the initials of the cars, and his report was useless. His 
next duty was to tramp several miles to the siding, find each car, identify the 
equipm^t — and finish his report properb^. 
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activities may require many pages to be complete, as a rule reports should 
be concise and conservative of a reviewer’s time and patience. Tenden- 
cies toward extensive descriptive material must be watched and checked. 
Efficiency is the watchword, today, even in reports. 

Accurateness. An engineering report may carry a large amount of 
weight; hence accuracy of data, subject matter, conclusions, and inter- 
pretations cannot be overemphasized. Unless a report is frank, unbiased, 
and correct in the smallest detail, it is better for it to remain undelivered. 

Reader's Vievrpoint and Phraseology. Anticipate who the reader of 
a report will be, and write in his vocabulary or one he will find easy to 
interpret. It is never a sign of knowledge to make a report which is 
knowingly “over the head” of the reader. 

Reader^ s Interest. Have a clear-cut style that is easy and enjoyable 
to follow. An illustration or transition phrase, it must be remembered, 
may clear up a doubt. Make the manuscript mechanically easy to follow, 
and carefully edit and revise the report before it is put in final form. 
Use good English. 

The mechanics of making a report are relatively simple and easily 
adapted to most situations. Reports may be either informal or formal 
Informal reports are those not requiring extensive data and evi- 
dence, and are usually in reply to a relatively simple technical question 
or problem. Usually, they are written as a letter, not long, and in the 
first person. 

Formal reports, on the other hand, require many data and much 
evidence to arrive at a solution to an extensive or involved engineering 
problem. Ordinarily, they are in the third person, and follow a some- 
what standardized order of presentation, as follows: 

Title page. 

Preface, letters of transmittal, or foreword. 

Abstract — a summation or synopsis of the findings of the report. Some- 
times an abstract is entirely unnecessary. 

Text of report. 

Object — ^a clear statement of what the question or problem to be 
solved is, and its limits. 

Definitions — often terms are used in the report which need defining 
or explaining to clarify their use. 

Method of procedure — ^how the facts were developed in solving the 
problem. 

Equipment or apparatus — ^if laboratory or other testing was done, or 
surveys made, the methods and equipment used should be brought out 
to establish the reliability of the findings. 

Data — either the complete data or a summary thereof is given to 
explain the basis of findings. When the data are extensive and voluminous, 
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often only a summary appears, while the complete data are put in ap- 
pendices at the end of the report. 

Interpretation of data — ^when the conclusion is not obvious from the 
data, an analysis of the data is made to show how the solution was ar- 
rived at. 

Conclusions and recommendations — ^that is, the solution to the problem, or 
the results arrived at. 

Appendices — ^where data gathered are too extensive to include in the 
body of the report, each set of data is made a separate appendix 
and put at the end of the report. 

Index — ^provided that the report is large enough to require it. 

It can thus be seen that the engineering report is a carefully 
planned and executed program of informing others along technical 
and related lines, and that it must be given much care in preparation. 
The engineer should endeavor to make each of his reports a definite 
and worthwhile contribution to engineering information and literature. 

RE . y^KKE yr CE 

Tsomas R. Agq and Waltek L. Foster, “The Preparation of Engineering Re- 
ports,” McGraw-Hill Book Company, New York, 1935. 



CHAPTER III 


HUMAl^ AND PUBLIC RELATIONS IN INDUSTRY 
INTRODUCTION 

The young engineer may reasonably question why he should devote 
a share of his study to human relatiomhi'ps, and what this has to do 
with a study of economic principles related to supplying engineering 
products and services. We have pointed out that, in the industrial 
world of today, accomplishment comes through groups of individuals 
working together, in a systematic way, toward creation of utilities, 
and that organized personnel is just as essential as organized equip- 
ment for the purpose of production. 

If every machine which industry employs had a certain freedom of 
decision, as do individuals, as to what it would do, and how its work 
would be performed, we would find ourselves in a sorry state of affairs. 
Since success in industrial accomplishment depends so much upon 
human cooperation, and this, in turn, rests upon factors which con- 
tribute to the happiness and well-being of the individual, the success- 
ful engineer cannot escape giving intelligent study to the principles 
which underlie human cooperative effort. The obtaining of such co- 
operative effort obviously has a distinct and essential economic value. 

In considering public relationships, the engineer in his work as a 
part of an economic unit finds need for better understanding of the 
relations that do or should exist between the organization with which 
he is connected and public or semi-public institutions. Furthermore, 
he is definitely interested in the relations that do or should exist 
between the organization with which he is connected, and that which 
we call the public itself. This is particularly true if he is employed 
by some form of government or publicly owned enterprise or that 
which we term public service, where successful relations with the pub- 
lic in general are overwhelmingly necessary.^ 

Considering all forms of organized institutions commonly found 
in this country, we find a wide variety to exist. They may be distin- 


1 Itef erenee : “Public Relations — First in the Order of Busiiiess/’ Business 
Week, January 23, 1937, p. 31. 
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guislied — aside from the nature of activity, relative size, and posi- 
tion — according to the following qualifications: 

Whether or not they are established for the purpose of making a 
profit. 

Whether they are privately owned, or owned by some form of govern- 
ment authority. 

The degree to which their actmties are regulated by some form of* 
government control. 

The greater number of organized institutions entering into our 
business life are formed and operated to make a profit, though we 
find a large number of institutions, such as schools, hospitals, and 
eleemosynary organizations, formed to render a service without profit. 

Ownership of a large number of our businesses and other organiza- 
tions still remains in the hands of private individuals, usually as 
stockholders. We look upon the citizens as owning the national gov- 
ernment and its subdivisions, although the relationship is by no means 
limited to this. The government also owns and operates some eco- 
nomic units, and the degree to which this should be extended consti- 
tutes one of the vital issues of the day. 

All enterprises are regulated to some degree by government author- 
ity, or come under laws which affect their operations. Those which 
furnish products and services regarded as necessities are regulated 
more closely than others, and they are not free to restrict their services 
or products to those they may select to serve. 

In our discussion later upon industrial organizations, we will deal 
largely with privately owned and operated companies, established 
for the purpose of profit making. 

From the point of view of public relations, the privately owned 
and operated company is distinctly interested because good public 
relations have so much to do with its success as a supplier. With an 
increased tendency toward regulation by the national governments, 
which has been regarded with apprehension by those who own and 
operate private enterprises, the subject of public opinion has a vital 
meaning. * 

Those privately owned and operated companies which furnish what 
we term a public service are particularly eoneerned with public rela- 
tions, because their business is done with a very large number of cus- 
tomers representing a cross section of the inhabitants of the district 
they serve. Also, they are to a greater extent subject to government 
regulation and control. 
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From the point of view of public service rendered directly by our 
national government, or its subdivisions, the matter of public relations 
is of obvious importance, because with our present form of government 
it has a distinctly political bearing. 

We have, therefore, a rather complicated situation, in which pri- 
vately owned enterprise has a distinct interest in public affairs: 

For the purpose of furthering the success of private enterprise as 
both a consumer or purchaser, and a supplier or seller. 

For the purpose of supporting the various forms of government- 
local, state, and national — ^under which we all operate. 

For the purpose of developing and preserving within an industry a 
situation which is conducive to stable and healthy operation. 

References 

'Tublic Relations in Industry,” American Machinist, September 8, 1937, p. 823. 
James E. McCaffrey, ^‘Public Relations,” Journal o] the American Water Works 
Association, November, 1936, p. 1716. 

The McGraw-Hill Publishing Company has issued an interesting and informative 
study in three parts, entitled ^Tublic Relations for Industry.” It appears, in 
part, in several McGraw-Hill technical publications, and as a whole in R-usi- 
ness Week, October 1, 1938, p. 21; it is available also in reprint form. 

THE NEED FOR HUMAN UNDERSTANDING 

Many years ago, the engineer was looked upon as a person re- 
moved and remote from business and society. He appeared, to others, 
as one living in a world of technical accomplishment understood only 
by himself and his few professional associates. His work, contrasted 
to that of the lawyer, preacher, teacher, or merchant, held no close 
ties to the mass of society. His accomplishments were viewed with a 
certain awe, because people knew little about matters of a technical 
character, which to them were surrounded with mystery. 

Since then, the accomplishments of scientific and engineering skill 
have, through mechanization in its various forms, gone far in chang- 
ing our methods of living. People, year by year, are being more 
closely thrown together, and progress becomes, to an increasing degree, 
a matter of group accomplishment. Armies of men and women have 
been trained in the theories of technical accomplishment. Technical 
methods and the approach to problems used by the engineer are, to 
an increasing extent, being adopted generally. Men with an engineer- 
ing training are entering a wide range of business enterprises. More 
and more, problems foreign to the drawing board or mathematical 
formula present themselves to the technical graduate as he advances, 
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so that today a large share of technically trained men will depend, in 
their successful progress, upon a knowledge and understanding of 
people and of matters of human relationship.^ What becomes of vital 
importance to the engineer, in addition to the consideration of eco- 
nomic factors, is a knowledge of human factors and an understanding 
of the responsibilities of the engineer to society and government. 

As we have pursued our regular courses of study in the fields of 
science and engineering, we recognize that our training and experience 
are largely among the exact sciences. The problems that we encoun- 
ter call for a quantitative or qualitative solution. Laws are estab- 
lished, materials that can be weighed and measured are considered, 
and exact results obtained. In our experiments, we control the condi- 
tions under which they are performed. We have no difficulty in dupli- 
cating, over and over, the same scientific experiment, because we dic- 
tate and preserve those conditions under which we proceed. 

In our social and economic life, this is not true. Never can we 
perform a social or economic experiment under exactly the same con- 
ditions, for we cannot preserve the same set of conditions. We con- 
tinually find unexpected factors entering into the procedure which 
upset our plans and calculations. Although we can initiate a social or 
economic experiment, we have no means of stopping it once it has 
started. The results of such an experiment may become far-reaching, 
and bring about effects that are almost beyond the power of imagina- 
tion. Since each one of us is a member of society and a part of our 
economic system, we are all affected by what occurs. Unfortunately, 
there has been a tendency, in recent years, to attempt to perform 
social and economic experiments, much as one would perform a scien- 
tific experiment, and do so on such a scale that the results may go far 
beyond the intent of the experimenter. 

We have pointed out already that, in our rapid course of technical 


2 Gerard Swope, President of the General Electric Company, in his address 
before the 59th annual meeting of the American Society of Mechanical Engineers, 
in December, 1938, made this statement in referring to the activities of en- 
gineers: 

In addition to the study of materials and methods, they should know the 
history of the industrial revolution and the organization of labor, and, 
basically, the working man and his aspirations.^ The best ways of presenting 
problems to the men, so as to increase their interest and good will, should 
become a part of the engineeris function, so the understanding of the men may 
be appealed to and their cooperation secured. The engineer must comprehend 
and make clear that the final aim of industrial organization and improved 
methods of production is better living standard not only for the community 
as a whole, but for the men who are devoting their lives to a particular 
industry. 
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progress, resulting in mechanizing what has been human effort, there 
have been released social forces so large that we are unable to deter- 
mine how far or in what direction they will lead us. 

No student of engineering and perhaps no one individual can find 
a satisfactory answer to our social and economic problems. Each of 
us, however, through a greater interest in these problems, and an ap- 
proach to them in a manner analogous to the analytical approach of 
the trained engineer, can contribute to a solution. Such a pursuit will 
be more fruitful if it is based upon fact rather than fancy, and upon 
known laws, rather than “hunches.” To approach the subject in- 
telligently, however, we must understand better the human being and 
the laws which govern human relations. 


Fbank B. Jewett, “The Engineer and Trends in Economic Thought,” Electrical 
Engineering, August, 1938, p. 339. 

D. C. Jackson, “Tlie Social Significance of Engineering,” Electrical Engineering, 
February, 1939, p. 59. 

ORGANIZED HUMAN EFFORT 

The producer of utilities is confronted with the subject of human 
relationships principally in two broad ways: in obtaining enthusiastic 
acceptance of the product produced or service rendered on the part of 
those purchasing and using it, and in contributing to the success and 
happiness of those individuals who gain all or a part of their livelihood 
in serving the producer, by giving them an opportunity to produce 
to the maximum capacity. In this chapter we shall consider the 
second. 

The first step in organized production required the services of more 
than one individual, and we found a condition where two or more in- 
dividuals were called upon to work together toward a common end. 
Two conditions came to exist: a division of work by which individuals 
performed different duties, and the necessity of one individual direct- 
ing the efforts of another. This brought about profound changes, for, 
as the economic unit grew in size, the efforts of any worker became 
narrower in scope and nature, or, as we term it, ^^more highly spe- 
cialized.” Workers became organized into a “gang,” and an in- 
dividual was put in charge to direct it and develop maximum produc- 
tion. Thus, we had one individual saying what should be done, and 
a larger number doing what was assigned to them according to in- 
structions to be followed. As the economic unit increased in size, 
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and groups themselves were specialized as to the kind of work done, 
one man could no longer direct all groups, and additional individuals 
were assigned to directing individual groups.^ 

If the young engineer is to take his part in successful accomplish- 
ment under our systems of providing products and services, he must 
gain an insight into the backgroimd of man^s associations in these 
processes of industrial development, understand the habits of people, 
and gain a picture of the changed condition under which man works at 
the present time. 


MAN»S ASSOCIATIONS 

The growth of trade and industry has steadily brought people into 
closer daily contact with one another. Not only this, but the accom- 
plishments of technical progress have made it possible for most people 
in this country to come into physical contact or communication with 
others easily and quickly. Years ago, the farmer^s son saw few people, 
and his horizon of human contact was distinctly limited. It con- 
sisted largely of contact with members of the family, the farm help, 
local merchants, and the neighbors attending school and church. A 
few books and magazines, and an occasional local newspaper, were 
his main sources of written information. What cheap transportation 
and communication have done during the present century to broaden 
the opportunities of disseminating and receiving information are by 
comparison with previous centuries startling in the extreme. Indus- 
trial activity and commercial activity have gone hand in hand in 
creating and enlarging large centers of population. In many towns, 
the industrial plant is the chief business interest. Large numbers of 
families, businesses, and other institutions depend for their existence 
and prosperity upon the activity and success of these large producing 
units. 

Since these productive units have developed and prospered through 
the organized and united effort of large groups of individuals, this 
same principle of group activity has been further inculcated in ihe 


3 Today, we speak of ^^management” and ''labor” as though they were dis- 
tinctly separate groups. This was true when there was one boss and a number 
of individuals under his immediate direction. Today, however, in our industrial 
system, one may well ask, "What is the management?” for almost all workers 
receive orders as well as give them. Most orders are functional in character. 
The designing engmeer lays down certain rules, as does the factory inspector, 
accountant, or i^op superintendent. Ev^ the machine operator is a "boss” 
of his machine. All workers in our corporations today both give and receive 
direction, for even the president is accountable to company directors, and these 
in turn to the company stockholders. 
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people. Americans have become accustomed to working together in 
groups, each one with an assigned duty, and the success of the individ- 
ual is continually more dependent upon his ability to cooperate with 
others in attaining an objective. Group activities of all sorts — educa- 
tional, social, political, and recreational — serve to draw us in closer 
contact with one another, as well as with the business units from which 
we obtain our livelihood, which have constantly increased in size and 
number. 

Such conditions as these have created a host of new situations to 
which the individual has been required to adapt himself if our society 
is to continue to exist and progress.^ 


4 Of interest in this respect are some of the recent economic changes in the 
United States as found in the ''Report of President Hoover’s Committee on 
Recent Economic Changes” of his conference on unemployment (Government 
Printing Office, Washington, 1929) . Only a few of the many findings are enum- 
erated : 

1. In the period 1922-1929, we find a rising standard of living. There is 
increased participation of people as a whole in the benefits of increased produc- 
tivity; hence broad social advantages of our accelerated business and industrial 
activity were felt throughout the land in the form of good roads, educational 
advantages, better transportation and communication, the radio, the automobile, 
etc.— all of which were widely enjoyed by almost everyone. 

2. The trend shows that we worry much less about our primary requisites and 
that our wants are a broad list of those goods or services that come under the 
classification of "optional purchases” or luxuries. 

3. A trend toward shorter work-week and work-day has given increased 
leisure both in the home and industry. This has been reflected in increased 
interest in fine arts and science, increased foreign travel, sales of magazines and 
books, sports participation, and domestic traveling. Greater school enrolment 
in high school and colleges as well as increased attendance of motion-picture 
theaters and increased ownership of radios are all results of this trend to in- 
creased leisure among the American people. 

4. People cannot consume leisure unless they consume goods and services; 
therefore, leisure — as the result of increased man-hour productivity— helps to 
create new and broader markets. 

5. The survey shows that wants are nearly insatiable — ^that a want satisfied 
makes way for another want. This would indicate that we have a boundless 
field before us and that new wants will constantly make way for newer wants, 
as fast as they are satisfied. 

6. We are spending $2,500,000,000 on private and public education, and there 
has been an increase of nearly 350 per cent in little more than ten years in 
expenditures for free colleges and universities. 

7. The period of this survey (1922-1929) has seen a broadening influence of 
America’s creative minds— the minds of the leaders in education and govern- 
ment, in management, research and labor, in the press and the professions. We 
have come to look in great measure to their influence for maintenance of eco- 
nomic balance in the United States. 

These few of the many findings of President Hoover’s committee show how 
changed conditions are evident on every hand and that their effect is widespread. 
The trend of this change has continued to the present day. 
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HABITS AND THE INDIVIDUAL 

At the very start, the young engineer must recognize that individ- 
uals with whom he comes in contact spring from a wide variety of en- 
vironments. Each person, with individual desires, emotions, and 
mental equipment, presents a complexity of changing personality filled 
with surprise to the person coming in contact with him, as the relation- 
ship and personality develop and unfold. Characteristics appear, 
perhaps unseen upon initial introduction, which the interviewer classi- 
fies according to his individual standards as being ^^good” or ^^bad.” 
Even so, mistakes of judgment are often made, in misinterpreting and 
misjudging reactions as they appear, and perhaps in time the standards 
of good and bad prove false, and must be changed. Prejudice, then, 
is one of our greatest avenues of weakness. Because an individual 
wears clothes which to us are peculiar, or pronounces a word incor- 
rectly, or perhaps thinks carefully before he acts, giving the impression 
of laziness, we must not be too quick to assume that such matters 
betray the fundamental character of the man. 

As contacts with people increase in number, one is struck first with 
the fact that there is a great difference between individuals. Some 
show honesty in every act, whereas others show deceit; some are bright 
and others are dull; some are pleasant — others disagreeable. As we 
study people and their development, however, we find that both good 
and bad qualities can be acquired, for all people have the capacity 
to learn. Learning is simply the acquisition of qualities and abilities 
by doing. By doing a thing in a particular way, an individual tends 
to do it again in the same way, and also to do it more easily and 
skillfully. In this way habits ® are formed which bring performance 


5 No attempt will be made here to analyze in detail how we “learn behavior” 
or form habits; these subjects are treated extensively in writings on psychology. 
Learning takes place through three primary processes: 

The trial-and-enor method— hy which successful acts are selected out of 
a mass of random acts. For instoce, consider an animal confined in a box, 
the door of which may be opened with a string. Food is placed outdde the 
box, and the animal in going through a variety of motions finally opens the 
door by operating the string. Many random movements are involved, but 
on repetition these are decreased and gradually eliminated. 

The learning by association — by which specific responses are attained from 
a given set of conditions. For instance, the child knows not to touch the 
stove, because he has been burnt, or not to attempt to eat the lemon because 
it is sour. 

The development of well-coordinated behavior , or habits. For instance, 
in learning to swim, the arms and legs operate in any direction and the 
breathing has no relation to the motion of the limbs. When coordination is 
obtained, and performance learned, the person swims. 
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continually from the realm of consciousness into the realm of sub- 
consciousness. We see the workman at the bench performing a series 
of repetitive operations in the assembly of small parts, with an amaz- 
ing dexterity and speed due to a coordination of eyes and hands. There 
appears to be not the slightest direction from the mind except when 
some defective part presents itself and upsets the routine sequence 
of movements, calling upon the mind for direction in meeting this 
emergency. When the operator first started to learn this particular 
job, the mind was active, and each move was directed from the brain, 
but with continued repetition the lower nerve centers took charge. 

In a similar way, the individual acquires habits through learning 
which fit him for development in his relations with other persons. 
Such habits as friendliness, interest in others, decisiveness, sound 
judgment, industry, accuracy, and initiative, together with many more, 
are thus formed that have a tremendous effect upon the individuaPs 
future progress. What he does, and the traits exhibited, in a strange 
way influence the environment under which he works. Friendliness 
on the part of the young engineer, for instance, when he is in contact 
with others of greater experience may open up for him a personal 
contact which serves not only as a source of information to him but 
also as a cause of recognition which encourages him toward further 
development of this particular aptitude. Invariably we find a group 
of men, directed by a leader, taking on the characteristics possessed 
by that leader. If he is pleasant, the spirit permeates the group, and 
they often unconsciously come to react in a similar way. If he estab- 
lishes a tempo in procedure, they fall in line and adopt the gait that 
is set. Each minor act of his is closely watched and often followed. 

Most of us develop our aptitudes in a way such as this — at first 
by becoming slightly interested and skilled in a particular kind of 
activity and then receiving some recognition of accomplishment which 
leads to further interest in attaining more skill — ^which leads to a 
higher degree of perfection and recognition. Habits are thus formed, 
just as by the skilled workman at his bench. In a peculiar way, habits 
are evolutionary, for they grow and become more firmly fixed, re- 
sisting change or revolution. Hence, it is important to make a choice 
of habits to be formed rather than allow ourselves to form them with- 
out selection and guidance. Preliminary, therefore, to developing 
satisfactory relationships in our contact with others is the develop- 
ment in ourselves of fixed habits relating to skill, knowledge, taste, 
judgment, and character. Possessing these, the individual, as his re- 
sponsibilities increase and as he works more and more through others, 
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becomes better able to accomplish objectives requiring successful co- 
operative effort. 

THE CHANGED ENVIRONMENT OP THE INDIVIDUAL 

Technical development through group activity in all its phases 
has produced conditions wherein the environment of the individual 
has undergone a marked change. These changes in environment have, 
consequently, had their effect upon the individual. 

The most obvious change in regard to employment has been a 
continually increasing degree in specialization in work performed. 
Mechanization of production, construction, public service, and main- 
tenance makes it necessary that a considerable share of workers de- 
vote their time to performing the same operation or a series of opera- 
tions in rapid sequence. This may be illustrated by an individual as- 
sembling the mechanism of a water meter, the parts of which, ma- 
chined to definite limits, are brought to the assembly bench and 
placed in containers exactly in the position where they may be most 
quickly selected. The same series of motions is repeated over and over 
in the assembly job. Or, again, consider the individual operating a 
lathe in the forming of a given part which requires a series of motions 
in rapid sequence. As we have previously seen, the eye and hand 
operate with little or no direction from the mind, and the work can 
be efficiently performed with little or no knowledge beyond the imme- 
diate responsibility of the operator.® Whereas, years ago, the work- 
man's duties included a wider range and greater variety of operations, 
and he had to make and fit parts together so that the finished product 
would operate satisfactorily, today his work is highly repetitious and 
he is under pressure to perform the same operations as many times as 
possible in a working day. Such production methods call for spe- 
cialized effort within the entire manufacturing unit, since the duties 
of design, inspection, time study, stock maintenance, machine main- 
tenance, packing, and many others have become standardized and 
follow a close routine. 

When the ndnd ceases to guide the hand, it is free to devote to 
time to that which has no relation to the work, and thousands of 
thoughts can enter. Prejudices can easily be formed and grow. The 

^ When the author was taking the training course of a large electrical manu- 
facturing company, he chanced one day to be watching the winding of coils 
for electrical apparatus. Observing the cotton covering on the wire, he slyly 
asked a machine operator what it was for. "That^s funny,” replied the winder, 
'Tve been here ten years and never thought of that question.” 
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worker’s activities being highly specialized, he has less opportunity 
to observe and evaluate the various duties of others. With the growth 
of the productive unit in which he works, he becomes less able to 
visualize all its ramifications J He sees published statements of large 
figures showing the volume of business done, and profits made, with- 
out understanding the necessity of all items of expense or risks m- 
curred Working in a narrow groove, he may acquire, without ade- 
quate cause, a warped and dissatisfied attitude toward the company 

employing him. _ 

There are three main ways of meetmg this situation: (1) increas- 
ing the individual’s interest in the completed product and the total 
process of production; (2) getting the individual more familiar and 
more interested in the company and its success;® and (3) with the 
shortening of working hours, encouraging the individual to find op- 
portimity for spending time, when not at work, in interesting, pleasant, 
and useful activities. It will readily be seen that this presents to 
those who manage an operating company a responsibility and also an 
opportunity in “human engineering.” Human relationships between 
individuals, whether they are workers with similar duties or other- 
wise, become of greater importance as our productive processes in- 
crease in size and become more specialized. 

Another very obvious change, already referred to, has been the 
shortening of working hours for individuals employed in shops and 
offices as well as for those in the construction and maintenance fields. 
Thus, while specialization and intensity of effort have increased, daily 
work is done over a shorter period and there has been a gradual de- 
crease in the number of working days during the year. 

With more time on his hands, the individual has more opportunity 
to do those things which have no relation to his work, and the op- 
portunities in this direction have increased enormously. _ The desire 
for entertainment has probably increased because activities in con- 
trast to routine work are particularly welcome, and the opportunities 
to travel and to see and do things that bring pleasure have become 
increasingly available. Through advertising, _ for instance, there has 
been brought to each individual a glowing invitation to spend and en- 
joy. A certain restlessness has been bom in many of us, usually re- 


7 Reference: “Taking the Mystery Out of Business,” Charles R. Hook, 

American Machinist, April 6, 1938, p. 267. -r -r, ±j. a • n 

8 References: “Reports to Employees,” Wilham J. Barret^ Amencaw Gas 
Journal, December, 1938, p. 31 ; “Glad to Know You,” Burnham Finney, Amencan 
Machirdst, November 16, 1938, p. 1008. 
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quiring self-expression, by the pressure of routine work where the 
opportunities for self-expression are limited. Many more stimuli to 
reaction are presented to the nervous systems of individuals of today 
than existed for our forefathers. One has only to drive along the 
street or highway, or page through a current magazine, to prove this. 
Our lives have speeded up, and perhaps the period of life during which 
we are actively a part of the industrial machine has been shortened, 
in spite of the fact that the span of life with modern medical care 
has been lengthened. 

The social contacts of the individual have increased greatly with 
the advance of industrial production. Personal contacts beyond the 
scope of the family now occupy a larger share of time between work 
and sleep. The American people, brought up with the idea that each 
individual must have ample freedom, are now faced with a different 
kind of freedom — a freedom which consists of a much larger variety 
of things to do, and devices with which to do them. 

The engineer trained, as we have seen, in dealing with physical 
principles and materials depends now, in his progress, to an increasing 
extent upon relations with people. We must study people and their 
reactions as carefully and as thoroughly as we study materials and 
structures, and in doing so we must remember that, though certain 
established principles of psychology hold both for the masses and for 
the reactions of the individual, there is a vast difference between one 
person and another. 

Increased competition between individuals is another change that 
has come from an altering environment, following in the path of 
specialization and keener and more closely focused competition be- 
tween economic operating units. Wkere a larger number of individuals 
are placed upon exactly similar work, and pressure is exerted to pro- 
duce the maximum in a given length of time, direct comparisons 
between the results performed by individuals are easy to make. Fur- 
thermore, individuals working in the same plant upon different classes 
of work have greater opportunity to make comparisons. No wonder 
that, with the duties of the individual becoming more defined and 
the massing of working people in groups, we find them organizing 
themselves into trade or craft unions and industry unions in order to 
add weight to their desires and demands, and make them articulate. 

Although there has been increased competition among individ- 
uals and among economic units, and, in a degree bred from it, we find 
increased cooperation, for the whole history of industrial development 
has been in a recognition of the fact that individuals must cooperate 
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with one another toward accomplishment. Since people accomplish 
ends by group organization, it is necessary to understand not only 
individuals, but also their actions and reactions as groups, or, in other 
words, we must be able to treat intelligently with the elements of mass 
psychology, 

THE NECESSITY OF KNOWING INBIVIBITALS 

We have seen that the young engineer entering industry is at 
once thrown into intimate contact with people. He starts by working 
for someone and with someone on similar or different kinds of work. 
As time goes on, he may advance so that someone else is working 
under his direction, but he continues throughout life to be required to 
work with others, as w^ell as to obey and give orders. 

The engineer designing a machine may be required to incorporate 
in it a part which will follow a certain sequence of motions and deliver 
a specific amount of power. After determining the cycle of operation 
of the part, the direction, extent, velocity, and frequency of the 
motion, and the amount of power to be delivered, he determines the 
various available methods of accomplishing this so as to meet the 
desired performance. Being able to view all available methods, he 
can evaluate among them and decide upon the most advantageous 
one. Here he deals with materials, masses, friction, and forces, which 
can be determined to a high degree of accuracy. The design complete, 
his work so far has been pursued largely single-handed, and in itself 
it has no value. The machine has been defined on paper, and in 
* effect he has set up certain physical rules to follow in building it. 
The building must be done by a group of people operating according 
to a schedule but under human control. If human control fails in 
pursuing the ideas set down in the design, no results are obtained. 

The dealing with human beings, such as will be necessary, is not so 
simple, because their make-up and their performance under a given 
set of circumstances cannot be exactly determined. However, with a 
thorough knowledge of an individual, his reaction to a given set of 
conditions can usually be quite accurately predicted. Some individ- 
uals apparently react without reason, and certainty exists only in 
the fact that their reactions are based on other factors than reason. 
Fortunately, we find but few of this type of individual. 

To solve the problem of the mechanical design, we must have a 
knowledge of established physical laws and of the characteristics of 
materials. To solve human problems, we must be familiar with estab- 
lished psychological laws and also, through contact and experience. 
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with the characteristics and peculiarities of the individual with whom 
we are to deal. If these factors are available, satisfactory human 
relationships can usually exist. 

It may seem strange to us at first why undesirable peculiarities 
in the individual are not recognized and corrected by him. As our 
knowledge of people increases, we find how frequent it is that people 
either do not recognize their own shortcomings, or perhaps recognize 
them and cannot permanently correct them. In fact, this is borne 
home to us in a study of ourselves, as we compare ourselves with 
others and endeavor to recognize our points of strength and weak- 
ness. 

In industry, there are important laws upon which satisfactory 
human relationships can exist. To utilize them successfully requires 
sincerity of interest and an active imagination. Imagination is vital, 
because, unless one can place himself in ^^another person's shoes" and 
try to understand his point of view, problems, and desires, no suc- 
cessful relationship can exist. The ability to visualize the individ- 
ual is as necessary to the engineer as the ability to visualize the pro- 
posed machine or structure. 

These laws may be stated, just like physical laws. Fortimately 
many people instinctively recognize them. They represent homely 
ideas, but nevertheless are fundamental. The laws have to do with: 

Friendly methods in dealing with people, which accomplish much 
more than other methods. 

Eecognition of the importance, rights, and opinions of other individ- 
uals. 

The importance of an appeal to fairness in others. 

The necessity of including, with all important instructions given, the 
reasons on which rules are based. 

Willingness to share undesirable or difficult duties rather than leave 
these to others. 

The admission of error and adopting of steps to correct errors that 
may be made. 

The ability of the young engineer to promptly analyze men and 
to adjust himself so as to be in harmony with the individual he is 
dealing with — no matter how separated their stations in life — ^may 
very properly be called a part of human engineering. One of the 
finest examples of a master human engineer in action is taken from 
an incident that is told about Carl Gray, while he was president of the 
Union Pacific system. 
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Mr. Gray was on the observation platform of his private car as 
the train pulled through a little station without stopping. The sta- 
tion operator, knowing his chief was on that train, was standing 
outside the station and waved a friendly salute to the big boss as 
the train rolled through. Unfortunately, the boss had his mind 
focused on something else and failed at the moment to notice and 
return the friendly greeting. (You can imagine the chagrin and the 
disappointment of that employee who undoubtedly believed his 
chief had deliberately ignored him.) President Gray suddenly be- 
came conscious of what had happened and, calling his secretary, he 
dictated a letter of apology to that employee! Foolishness? No, 
the smartest action possible of a leader, big mentally, with a keen 
xmderstanding of human nature. 

Mr. Gray explained to those associates who overheard that dic- 
tation, wouldn't for the world have any employee of ours feel he 
had been deliberately ignored, for with such a feeling in his heart 
he would unconsciously react the same way to some patron of ours. 
I would never know and could never correct the damage which 
might accrue." “Human Engineering — Salvation of Industry," 
Laurin E, Hinman, Electrical World, January 16, 1937, p. (263) 35. 

SOCIAL RESPONSIBILITIES 

Up to the close of the first quarter of the present century, industry 
was, much of the time, without a suflScient supply of common labor. 
Industrial leaders urged our national government to maintain immi- 
gration laws which permitted the entrance of large quotas of people 
from foreign countries. Industrial leaders were anxious to hire immi- 
grants when business conditions justified it, but assumed little respon- 
sibility for them when work failed. Comparatively little effort was 
made, at least until recent years, to direct their ways toward American 
citizenship and American standards of conduct and living. We have 
only to witness large industrial communities today to see the results 
of these conditions, and the effect of failure, in the earlier days, to 
realize the social results that ensued in meeting an immediate economic 
need. Industry is coming fast to realize that economic considerations 
cannot be viewed singly, for invariably social conditions are also in- 
volved.® 

In our age of accomplishment through mechanization and the gov- 
erning profit motive, management presses those responsible for design 
and production to reduce costs at every hand. John Smith, the design- 
ing engineer, and Tom Jones, the factory superintendent, walk into 


^ Reference : '^Social and Economic Aspects of Management,’^ Factory Mari' 
agement and Maintenance, October, 1938, p. 58. 
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the boss's office and show how they have got their heads together and 
eliminated an operation in the manufacture of a certain product which 
dispenses with the services of a workman, and thereby makes a direct 
saving. Both men are complimented on their good work, and the sav- 
ing goes into effect. But, as this move is made, no particular thought 
is given to its effect upon the life of a certain individual — ^the skilled 
workman who must be dropped or shifted to another class of work 
where his training is less useful.^® 

Such a circumstance as this may not happen often in industry 
today, but not many years ago it was quite general. Under our mech- 
anized competitive system, effort, in the past, has been largely con- 
centrated upon the elimination of labor cost, rather than upon employ- 
ing, training, and preserving the worker. Society, to a degree, has 
revolted against such existing systems, and “human engineering” is 
now a most outstanding problem confronting the executive who is 
charged with technical production.^^ 


Elizabeth Faulkner Baker, "Human Problems Created by Labor-Saving Ma- 
chinery,” Mechanical Engineering, May, 1936, p. 305. 

Morris S. Vitelbs, "How Technological Changes Meet Employees,” Mechardcal 
Engineering, May, 1936, p. 302. 

Edward R. Livernash, "The Industrial Worker,” Mechanical Engineering, 
December, 1938, p. 954. 


the present writing, engineers in the employ of various concerns have, 
for a long time, been pressing every effort to develop and perfect a machine to 
pick cotton. When it is made available, it will be hailed as another wonderful 
engineering accomplishment, and the average person will probably regard it as a 
great blessing to society as a means of elimmating so large an amoxmt of laborious 
work. What will be the economic and social effect of the adoption of such a 
machine upon a large number of our Southern laboring population? This is a 
problem we must be ready to face, for the products of invention and engineering 
skill which take years to evolve become available suddenly, allowing little or no 
time for economic and human adjustment. 

^^TTie directors of the Johns-Manville Corporation recently (June, 1938) 
elected the president of the Carnegie Foundation to its directorate. The president 
of this corporation, in annoimcing this appointment, made the following signif- 
icant remarks: 

American business is today confronted not only with new social responsibili- 
ties which it must discharge, but with new concepts that profoundly alter the 
relation^ps of business to its stockholders, to its employees, the government 
and the general public. Determination of industrial policies . . . must more 
and more include not merely the strictly economic factors. . . . Your interest 
and long experience in human development especially qualify you to advise 
industry as it assumes these new and larger responsibilities.— (New York 
Herald Tribune, Jime 22, 1938.) 
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RELATIONSHIPS IN PRODUCTIVE UNITS 

In the study of human relations as concerning economic units 
engaged in furnishing utilities, we find that they center about relations 
between employer and employee, among employees themselves, and 
between buyer and seller. Although they involve the same principles, 
these principles have somewhat different applications, and therefore 
we will consider these three subjects separately. 

Employer and Employee. When we study the development of 
industry, we find that almost all industrial organizations had their 
origin in one man or only a few men. On the walls of many a 
corporation president’s office hangs the picture of the founder of the 
concern, and perhaps a picture representing the original factory which 
the founder built and in which he worked. In the field of technical 
products, the founder was generally a skilled workman himself and 
often an inventor. He developed an idea relating to some contrivance 
and set about perfecting that idea and making a product which would 
find a market. In the language of the day, he was not an ^^engineer” 
but a ^'mechanic” or ^^electrician^^ who hired a few men to work with 
him. He was more skilled with his hands than his helpers were, and 
they respected him as a clever workman. Often they shared with him 
the risks encountered in the business that was started, and in some 
instances they were taken into the business as partners. The relation- 
ship was an intimate one, and owner and workmen formed close asso- 
ciations as the business grew. Information relating to details of manu- 
facture was rudimentary and largely passed from one to another by 
word of mouth. 

As a business of this type grew, many changes took place. More 
hands were employed; methods of operation became systematized and 
duties specialized. The original founder often showed lack of ability 
as a manager in organizing and directing the efforts of others. With 
experience largely of a mechanical nature, these individual leaders 


12 In this book, we shall devote our attention to those factors of direct inter- 
est to the economic units in the general field of industry. However, very vital 
and pointed criticism has been directed at our industrial leaders in the past, 
owiag to the fact that they have taken so little interest in the results to society of 
the industrial operations which they have directed. For instance, we can find 
many examples of industrial plants which have been established and have grown, 
but have given little consideration to the interests of those living in the com- 
munity or adjoining communities. Streams and rivers have been polluted, smoke 
and dirt nuisances have been created, and breeding places for squalor and crime 
have been unintentionally encouraged. Such criticisms cannot be justly directed 
against all companies. This phase of responsibility on the part of industry 
comes within the scope of the study of social sciences. 
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often lacked ability to handle the financial end of the business, for 
inventiye genius and business genius seldom go hand in hand. 

What interests us here, particularly, is the fact that, under these 
conditions of growth, those who directed the business became further 
removed from those who performed the manual work. Shop superin- 
tendents, and later group foremen, became necessary, and the distance 
between those who owned and managed the business and the workmen 
themselves became constantly greater. Information and instruction 
became matters of record handed down from one to another, rather 
than oral, and human contact became less frequent and intimate. Per- 
haps there was a change in ownership and new faces appeared to di- 
rect affairs without knowledge of individuals, much less an interest in 
them. 

With the adoption of the corporate form of organizations, lines 
were more closely drawn between management and labor, and the gulf 
between the two became more pronoimced. Labor came to be treated 
much as a commodity — bought as needed, and dispensed with when 
not required. In many manufacturing companies, where the labor mar- 
ket was plentiful, there was a great labor turnover, and nothing in 
particular was done to retain an individual if he could be easily 
replaced. 

The training of employees was of a limited sort; the method usually 
followed was to place a young man under the direction of an older 
experienced employee. His progress, under such circumstances, de- 
pended upon the individual under whose guidance he was placed. 
Often the attitude of the experienced worker, who had gone through a 
hard struggle in his earlier days, was one of great superiority, and 
the younger man was given to understand that he, too, should go 
through a similar struggle, and assistance and encouragement should 
be given to him in his work very sparingly. Usually, ^^the tricks of 
the trade” were cherished by many of the older workmen, and there 
existed a feeling that, if they divulged them, the younger man might 
excel, and put the older man out of a job. The boss was often feared 
because the right to ^^fire” and “hire” rested in his hands. Favoritism 
was often exercised, and a constant fear of losing the job prevailed. 
These conditions did not exist in all factories, mines, mills, and con- 
struction gangs, but they were altogether too prevalent and they repre- 
sented the spirit of the times. 

Gradually conditions altered, and early in the present century 
these changes became more noticeable, for, with the greater specializa- 
tion of effort and the introduction of mass production methods, adjust- 
ments between management and labor had to come. Labor became 
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better organized and more insistent in its demands for higher wages, 
shorter hours, and better working conditions. Management became 
wiser and less selfish, and began to learn labor's point of view. With 
management closely associated with capital, and the amount of capital 
required becoming greater because of increasing mechanization, man- 
agement began also to appreciate that, without labor, losses due to 
idleness multiplied. Management began to devise ways and means of 
making labor better satisfied, and to do so management had to gain 
a better understanding of the point of view of the laboring man. 

During this same period the variety of kinds of work increased, 
and in the larger companies large armies of factory clerks, accountants, 
and office help developed which constituted what has been termed “the 
white-collar class," which, likewise, had to be dealt with intelligently. 

The most important problem which management had to solve was 
that of making the factory, mill, and mine a pleasant place in which 
to work, so that employees enjoyed work rather than dreaded it, and 
liked, rather than disliked, those who directed operations. This led to 
changes in a thousand ways, not only in the physical surroundings 
within factory walls, but also in opportunities for progress and se- 
curity of employment. The problem is by no means solved, but there 
is ample evidence that over a period of time progressive steps are being 
taken for a better understanding^® between management and labor, 
and more sensible methods of procedure are being adopted.^® Funda- 
mentally, progress has been due to the development of closer personal 
relationships between the individual who follows a given task, and 
those who set these tasks and direct the worker's efforts. 

Under conditions such as these, the federal and sometimes the 
state governments have taken a hand in the matter of relationships 
between employer and employee. Legislation has been passed estab- 
lishing pension systems, workmen's compensation, limited working 
hours, and regulations concerning safety for the employee. 

Vacations help to keep workers satisfied. As of June, 1937, out of 9,570,100 
persons employed in the manufacturing, extractive, and laundry industries, 
36.7 per cent were working under vacation plans. In a government survey cover- 
ing 700,000 salaried employees in industrial establishments, it was shown that 95 
per cent worked in plants that gave them vacations with full pay. 

Reference: “New Emphasis in Management,” Lillian M. Gilbreth, Jkfe- 
chanical Engineering, May, i938, p. 403. 

References : “G^oncurrent Interest, a Philosophy of Industrial Relations,” 
B. W. Kempton, Power , November, 1938, p. 78 (616) ; “Why We Report to Our 
Employees,” Edgar Monsanto Queeny, Chemical & Metallurgical Engineering, 
December, 1938, p. 678. 

Reference: “Men, Management and the Future,” F. A. Magoun, 
cal Engineering, July, 1937, p. 515. 
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What intelligent workmen desire, above all else, are these things: 

Reasonable working hours. 

A fair wage scale, and a share in profits. 

Healthful conditions in which to work. 

Safe conditions under which to work. 

Opportunities for advancement. 

Security^® and stability in employment to those who are honest and 
capable. 

Security against total loss of income due to partial or total incapacity. 

Security for old age. 

What intelligent management desires is that employees be intelli- 
gent, reliable, alert, capable, and industrious. Our leading operating 
units in this country agree with what labor desires as indicated above, 
but serious difiSculties have arisen in reaching an agreement as to what 
is ^^reasonable’^ and ^^fair.’’ Several companies have evolved a form 
of profit sharing with employees, but no single plan has been outstand- 
ing, and sufficient time has not elapsed to prove the permanent worth 
of any profit-sharing system. Management's most difficult problem in 
the treatment of labor is caused by frequent and wide fluctuations in 
business activity. 

In recent years, the management of many corporations has realized 
the importance of human relations, or, as they are more commonly 
termed, ^findustrial relations^^ or “personnel activities.^^ Frequently, 
this work is regarded as of such importance that an officer of the com- 
pany and his staff devote their entire time to it. Such activities 
concern: 

Eeference : ^^Why I Like to Work for My Company/’ Walter J. Held, 
National Petroleum News, July 28, 1937, p. 20. 

References : ^^And Now — Secured Incomes,” Factory Marvagement and 
Maintenance, December, 1938, p. 33; ^‘Tke Balancing of Incentive and 
Security,” Ralph E. Flanders, Electrical Engineering, February, 1939, p. 67; 
“Management’s Responsibilities to Society,” A. W. Robertson, Electrical Engi^ 
neering, February, 1939, p. 81. Mr. Robertson says: 

There is a general belief that management will not hire people over 45 
years of age. This is pure myth. Well-established factories with which I am 
familiar have a higher percentage of their employees between the ages of 
45 and 68 than the whole population of the United States has between these 
ages. This is also true if you take for comparison ages 40 to 68, or 50 to 68. 
Every organization values its trained and dependable older men and, in 
times of depression, keeps them to the last. Competent older men always 
have whatever work there is. 

Reference: “Personnel Practices”^ — ^abstracted from Study 233, entitled 
“Personnel Practices Governing Factory and Office Administration,” published 
by National Industrial Conference Board, Inc., 247 Park Avenue, New York 
Cfity, March, 1937. See American Machinist, August 11, 1937, p. 722. 
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A system for the intelligent selection of employees. 

A system for the training of employees toward their progress in the 
company's business. 

Relationships with employees’ organizations, both local and national. 

Developing and administering a system by which problems arising 
between the company and the individual may be studied and, if possible, 
solved. 

The establishing of pension systems, death benefits, savings accounts, 
group insurance, and similar provisions. 

Carrying on plans devised to assist employees in selecting living 
quarters, buying homes, and conducting their affairs on a more business- 
like and stable basis. 

Providing for adequate protection against accident, giving medical 
aid, and improving the health of workers. 

The rewarding of new ideas applying to the particular business unit.^^ 

How far management should go in helping the individual in a solu- 
tion of his business and personal problems is a much-debated ques- 
tion. Paternalism on the part of management has its drawbacks, for 
it tends to discourage the employee in managing his own affairs and 
providing for his safety and security in the future. Many executives 
still feel that the best plan is to concern themselves only with the 
plant and working conditions, allowing the individual to develop for 
himself the initiative required in conducting his own affairs. 

In addition to the relationship existing between the individual em- 
ployer and the individual employee, if the engineer is to progress, he 
must understand the fundamental factors involved in connection with 
the activities both of employers as a group, and of the employees as a 
group. The subject of organized labor, hence, is one requiring ex- 
tremely intelligent study. 

Problems in organized labor are not new. They reach back to the 
first appearance of the wage earner in England, as early as 1300. At 
that time, copper and iron smiths, carpenters, weavers, shoemakers, 
and many other classes of artisans formed '^guilds” in which they 
worked and which were often influential and oppressive to the expan- 
sion and development of industry. Around 1700, we find the first 
records of '^unions^^ of any degree of permanency. Troubles among 
English wage earners had arisen which led to controversy, appeals to 
Parliament, strikes, and to the formation of ^^associations,” ''trade 
clubs,” "trade societies,” "institutions,” or "unions,” as they were then 
called. 

20 Reference : '^Securing Results from a Suggestion Plan,” Hilton E. Wright, 
American Machinist, August 11, 1937, p. 692. 
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In 1799, the General Act of Restriction was passed, however, which 
declared all combinations illegal. This put employees at the mercy of 
their employers, but nevertheless the act stood until 1825, at which 
time agitation forced Parliament to pass an act giving workers e 3 q>licit 
rights to bargain collectively for better wages and labor conditions. 

In America, this same conflict was repeated, and statutes were 
enacted regulating wages and providing for punishment to those re- 
fusing to continue to work for customary wages. Until the War of 
1812, colonial influences were seen in labor dealings — remnants of 
guild organizations and other English influences. However, some 
trade associations were organized. 

Between the War of 1812 and the Civil War came the start of our 
factory system and aggregation of capital— and with this our present- 
day labor problems began. In 1827, the first trade union started— the 
^'Mechanics^ Union of Trade Associations’^ of Philadelphia. Strikes 
began to be prominent, and trade tmions extended to include larger 
groups of employees. Wages, hours, and the “closed shop” were topics 
of the day, just as they are now. 

After the Civil War came the period when industry and likewise 
the labor organizations were centralized into larger units. Local labor 
organizations formed into central bodies, then into state federations, 
and finally into national organizations. 

Our first major national labor organization was the “Knights of 
Labor,” which became national in scale in 1878. By 1886, its mem- 
bership had risen to 700,000, but it then began to steadily fall off 
owing to expensive strike failures, political activities, and too great a 
concentration of power in the hands of the organization’s general 
officers. 

Our second national labor organization started as the “Federation 
of Organized Trade and Labor Unions of the United States and 
Canada” in 1881. In 1886, it became the “American Federation of 
Labor,” under which name it stands today. Whereas individuals 
were members of the Knights of Labor, the American Federation of 
Labor was composed of unions. So long as dues were paid, representa- 
tion and votes were allowed any association. 

The Knights of Labor based its organization on the principle of 
common interest to all laborers ^ the American Federation of Labor 
catered to the interests of trade or craft. Now, of recent origin, is a 
third formr — ^^‘the industrial xmion” — \mion of workmen in a farticu- 

Membership in the A. F. of L., as of August, 1938, was 3,623,00(), as com- 
pared with 548,000 in 1900. 
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lar industry. This organization is the modern Committee for Indus- 
trial Organization,^ and is the outcome of the resignation of one 
John L. Lewis as vice-president of the American Federation of Labor 
in 1935, after which he embarked as leader of the new industrial or- 
ganization movement. And so we have, more recently, two major 
forms of labor organization, one organized cross-sectionally upon the 
various classes of skilled workers appearing in various industries, and 
the other vertically including all workers in a given industry. The 
first contemplates organization on the basis of the class of work done, 
and the second, on the industry of which the worker is a part. An- 
tagonism has existed between these two kinds of organization, but it is 
natural that, with a change in our organized methods of production, 
the workman’s trade has become less a pivotal point in organization 
than the company of which he forms a part as a workman. Labor 
organization has been in a state of flux, just as have been the organiza- 
tions of economic units we call '^companies,” for there has been a con- 
tinual shifting of the relationship between the industrial organization 
and the worker. 

A program of educating the individual so that he better under- 
stands both his own and his employer’s problems will do much to 
relieve present-day strife, and many employers can well increase their 
knowledge concerning the ambitions and heartaches and living condi- 
tions of their employees. With propaganda from both sides clashing, 
education in a rational form has not yet progressed sufldciently far. 

The desirability of some form of organized labor is established; 
this is now acknowledged by intelligent management. Management 
and labor have drifted farther apart, as we have seen, but within recent 
years there is ample evidence that it is possible to draw the two closer 
together. Labor must be shown what problems face management in 
preserving a steady source of income to the worker. Management, on 
the other hand, must be shown what faces labor when employment is 
unstable and working conditions unsatisfactory. 

That an attempt is being made to protect labor against unfair prac- 
tices of management — and in a measure to protect management from 
unreasonableness on the part of labor — ^is seen in present-day legisla- 
tion, both federal and state. Laws have been made to give employees 
the right to organize, authorities have been set up to settle labor dis- 
putes, and more recently minimum wages and maximum hours for work 
have been established. Differences of opinion still exist, and we are 


In 1938, at the first constitutional convention of the C. I. 0. in Pittsburgh, 
President John L. Lewis claimed a membership exceeding 4,000,000. 
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passing through a stage when opinions are slowly crystallizing. There 
is hope that from these differences will come a sound philosophy and 
an established system of regulations which will protect the rights of 
both employer and employee, and prevent the possibility of either 
strike or lockout. 

Since the effort of the individual has constantly become more highly 
specialized, and most employees become attached to a particular com- 
pany more closely than to a trade, the ^^job,” as such, has constantly 
a greater significance. In fact, it has taken on many of the attributes 
of property. Progress toward a more stable industrial society, and 
the establishing of more mature legislation, will come only through 
further exhaustive study and a spirit of greater tolerance and 
understanding. 
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Relations among Employees^ It has been said that nothing 
shows what the individual is made of better than the hardship of 
primitive camp life, because there many of the formalities of our lives 
are discarded and we live without the man-made aids of civilization. 
In a somewhat similar way, the rigors of the modern factory, with the 
variety of individuals involved, present to the worker coming in con- 
tact with them a test of his imderstanding of human nature. We find 
on one hand those who are bored by the dreariness of routine, and on 
the other those who must operate under the strain of rapidly changing 
impressions. A similar situation also exists in any important construc- 
tion job, in the mine, on the railroad, and in the public utility. Such 
conditions call for an imderstanding of human nature and also an 
abiding faith in it. 

Aside from home ties, friends are the most valuable connection an 
individual has, and happy personal relationships in work create at- 
tractive surroundings more than furnishings and fixtures. The ability 
of the individual to make and keep friendships constitutes a great 
source of happiness and is a powerful instrument toward material 
progress and success. We see example after example of men who pos- 
sess an exhaustive knowledge of the subject and never-ending energy 
in that at which they are working — ^but who sooner or later fail because 
they disregard the rights and the personal characteristics of those with 
whom they come in contact, attempting only to achieve their personal 
ends. 

We find, repeatedly, comments such as those shown below on the 
personal record cards maintained by leading companies who operate 
personnel departments. The comments tell their own story: 

"Possesses a superior attitude toward associates.” 

"Loses temper — slacks patience — ^has had several 'run ins’ with other 

employees.” 

"Inclined to go over the heads of feUow workers.” 

"Shows unpleasantness at times — ^inclined to be 'grouchy.’ ” 

"An excellent cooperator.” 

Such comments as these, it will be noted, have nothing to do with 
the skill or technical ability of the individual, but rather with his 
ability to work with others. 

Relations between Buyers and Sellers. In economic units furnish- 
ing a product or service, we find two activities of major importance 
from the viewpoint of public contact — ^the buying organization which 
deals with suppliers, and the selling organization which deals with 
customers. Unless close and friendly relations exist with suppliers, 
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stable and desirable sources of supply cannot be maintained. Sales 
outlets and customers, so vitally essential to any business, can be 
obtained and retained only through personal contact. These rela- 
tionships, though of a business nature, depend for their success upon 
satisfactory and stable personal relationships, as we shall see in our 
study of distribution. 

PUBLIC SERVICE 

Under the heading ^^public service” we have come to include those 
services which are required by almost every citizen in conducting his 
daily affairs. They must be available at all times according to his 
needs. Many manufactured or processed goods, and other forms of 
service — ^such as amusements, milk supply, coal, fuel, or oil, which are 
continually being used by a larger number of people as civilization 
advances — approach closely to the group of necessities constituting 
^^public service.” 

The furnishing of certain educational facilities, police and fire pro- 
tection, carrying of the mails, furnishing water and sewage disposal, 
and some other forms of service are wholly or largely performed by 
some form of governmental authority. 

The following forms of service, however, are still largely or en- 
tirely furnished by companies that are privately owned and operated, 
under increasingly strict governmental regulation: 

Communication — ^telephone, telegraph, radio. 

Transportation — ^local, intrastate, interstate. 

Gas — originally used for light; now mostly for heat. 

Electricity — ^for light and power. 

Steam — ^to a limited extent in local congested areas for heat and 

power. 

Some forms of transportation, such as local service provided by 
street cars, trolleys, and gas buses, must meet local operating condi- 
tions. This form of service is often provided by the municipality 
itself, or by privately owned and operated companies which receive 
exclusive or limited rights extending usually over a definite period of 
time granted by the local government in the form of a franchise. 
One privately owned company may own and operate a number of 
systems in various separated communities. Trolley-car systems, being 
large purchasers of electric current, are often a part or closely asso- 
ciated with those companies which furnish electricity. 

Other forms of transportation, such as the steam or interurban 
electric lines, navigation systems, air lines and long-distance bus 



82 


HUMAN AND PUBLIC RELATIONS IN INDUSTRY 


lines, operate between a group of cities doing an intrastate — ^and often 
interstate — ^business. Thus, they interest a group of communities 
and large districts of the country. 

Communication by telephone was originally a local service, but 
under wise private management remarkable progress was made in 
extending its usefulness without limits of space. Telegraph, on the 
other hand, in its early development was soon able to accomplish 
long-distance communication. 

Electric power companies originally came into existence locally, 
to supply light and power to cities. Many of them were established 
and operated by the governments of local municipalities. As prog- 
ress was made in the safe, reliable, and cheap transmission and dis- 
tribution of electricity and in providing current-consuming apparatus 
and devices, privately owned and operated companies arose which 
established large systems of generation and distribution, undertaking 
service to a large number of purchasers living in scattered centers. 

The question whether all these forms of public service can better be 
rendered directly by the government or by private companies con- 
tinues to be an unsettled question over which much controversy exists. 

In connection with public services such as communication (tele- 
phone), gas, and electricity, which are rendered very largely at the 
present time by privately owned and operated companies, we find a 
set of conditions that are distinctive. 

Such services necessitate elaborate and expensive distribution systems, 
requiring a physical connection to the premises of each individual user. 

Large investments are required at concentrated places for providing 
a source of the service. 

Service must be available at all times, whether the subscriber uses 
it or not. 

Service must be measured and a charge made in a fair and equitable 
manner to all subscribers. 

Whereas the individual may choose from whom he will purchase 
his milk or laundry service, for several sources of supply may be avail- 
able, in the forms of public service considered here he has no such 
choice. By the nature of the service, if it is to be efficiently rendered 
in relation to capital outlay and operating expenses, the supplier 
exists as a monopoly, being the only source of service. Exclusive 
rights are obtained from governmental units for rendering service, 
which we commonly call franchises. 

23«;f^ew England Gas Companies Maintain Service through Hurricane and 
Plood,’’ Alfred I. Phillips, American Gas Journal, October, 1938, p. 13. 
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With such forms of monopoly existent, we find the possibility and 
sometimes the tendency for certain abuses to exist. The subscriber, 
having no choice about the concern from which he will purchase the 
service, may regard the supplier as having an undue advantage over 
him in monopolistic control. The supplier, having no direct competi- 
tor and often being in a position where he can exercise political con- 
trol if he so desires, may attempt to advance his interests to the 
detriment of the subscriber. Furthermore, by various devices in 
capital structure whereby the pyramiding of ownership has in the past 
made possible the control of vast interests by a few individuals, the 
interests of many have been made subservient to the interests of a 
few. The authority of government has assumed certain control over 
such suppliers, by which their service obligations and service charges 
are regulated. Progressively, from year to year, the quality of ser- 
vice has generally improved, its use has been extended, its cost and 
selling price reduced, and the degree to which government regulation 
has been made effective has increased. 

When the purchaser has delivered to his door a quart bottle of 
milk for a certain price, he knows with reasonable accuracy what he 
gets, and most people visualize what is necessary in connection with 
its production and distribution. If he purchases two quarts of milk, 
he pays twice the price of one. Not so with electricity, for it is 
distributed to him in kilowatt-hours, which he has diflSculty in under- 
standing, and the price varies with the amount he uses. Perhaps he 
moves from one location to another, and encounters a different price 
structure from another supplier — which further baffles him. Again, 
special rates may exist for certain current-consuming devices, such 
as ranges or water heaters. The industrial user of power meets with 
further rate complications depending on the time of day or night at 
which power is taken, or the maximum demand called for at any one 
time. Power factor may be a determining point in the rate, “Rate 
structure, as it is termed, for the forms of public service therefore 
exists as a complicated problem requiring an approach from the point 
of view of the engineer — ^with a thorough knowledge of the funda- 
mentals constituting satisfactory public relations.^® 


^Reference: 'Federal Regulation of Natural Gas Pipe Lines,” C. Emery 
Troxel, American Gas Journal, October, 1938, p. 23. 

Reference: "Human Engineering— Salvation of Industry,” Laurin E. Hin- 
man, Electrical World, January 16, 1037, p. (263) 35. This is a splendid discus- 
aon of human engineering as applied to all industry. 
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GOVERNMENT AND INDUSTRY 

No subject relating to the broader aspects of business life is of 
greater importance to the engineer entering industry than the rela- 
tionship between government and industry itself. With this relation- 
ship changing rapidly, based as it is upon changing conditions largely 
resultant from an increasingly mechanized society and a greater reali- 
zation on the part of industry of its social obligations, our national 
and state legislatures are passing laws which not many years ago 
would have appeared quite revolutionary in character. Current lit- 
erature^® deals with these changes, so that our consideration of this 
subject will relate largely to fundamental principles which appear to 
be guiding our society in the laws that are passed by our state assem- 
blies and particularly by our national legislature. We look upon 
these changed ideas as coming suddenly upon us.^’' On the contrary. 


Dorothy Thompson, the noted columnist, recently made the following re- 
marks in discussing governmental plans promulgated by the governor of one of 
our progressive states. These remarks are illuminating from the viewpoint of 
economic changes: 

He recognizes the fundamental fact of the stage of economic development 
in which we now are: namely, that industry and teclmique have run miles and 
generations ahead of finance. Industry and technique have created a new 
earth; they have pulled down fire frorn hepen; their ingenuity is breath- 
taking; they have set tons of steel swimming through the air; they have 
harnessed unseen waves of ether to make a voice and a song travel as fast 
as light from one end of the world to the other; they have turned beans into 
automobile bodies and air into fertilizers and acetylene gas into wood sub- 
stitutes and wood into velvet — ^thereby destroying one set of economic values 
and creating others, all at the same time, and with upsetting speed, while 
finance has shown no similar imagination or ingenuity, and probably least of 
all in this country. 

He sees that the essential problem is to make capital work, to imbue it 
with a new enterprising spirit, and he knows that new social and financial in- 
ventions are needed for that. 

He also knows that what is no longer permissible in this world is revolu- 
tion. He knows that the class struggle leading toward revolution is not 
allowed. It is not permissible, because the society in which we live is so 
interdependent and complicated, that under revolution, or even the breakdown 
for a few hours of the highly complicated mechanism, millions of people 
would perish. 

He knows that the theory of over-production is stark nonsense. Cer- 
tainly there is over-production of certain commodities, simply because the more 
econornic production of other commodities to take their place, or changes 
in habits of living, or new forms of world organization affecting international 
markets, drive them into obsolescence. But the frontiers for horizontal ex- 
pansion, the social and economic frontiers, are not only not yet exhausted, 
they are not even visible yet to the imaginative eye.— (New York Herald 
Tribune, May 2, 1938.) 

2’’ In 1830, during the serious depression in Great Britain, Macaulay, the 
famous British historian, published an essay in the Edinburgh Review. A small 
part of it follows: 

If we were to prophesy that in the year 1930, a population of 5 millions, 
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they have been going on for many years, but find their greatest oppor- 
tunity for expression in legislative action when periods of depressed 
business occur. Forced idleness on the part of a large share of our 
population which is ordinarily employed causes surges of popular 
action — often supported by immattire thought and guided to a large 
degree by mass emotion. 

Considering governmental authority objectively, the activities of 
the government that interest the engineer most in his daily work are 
such matters as taxation to support the functions of government, the 
■protection of the citizen in his occupational work, assistance to and 
regulation of industry, and conditions of the worker. These matters 
we are inclined to treat from the viewpoint of the particular interests 
of the individual economic unit from which we derive our liv in g and 
the particular community of which we are a part. We will discuss 
briefly each of these governmental activities, except the conditions of 
the worker, which are given attention elsewhere in the book. 

^‘Richberg Says We Need Workable Laws,” American Business, March, 1937, p. 16. 

Taxation. Taxation is a matter that affects every individual in 
this country, but especially does it involve those engaged in some form 
of industrial activity. It has two principal objects in view: ^ the 
raising of revenue by which all activities of all divisions of govern- 
ment are supported; and the control of social affairs. No one will 
question the propriety of taxation for the purpose of supporting gov- 
ernmental activities, though opinions may differ as to the extent of 
such activities. 

When it comes to taxation for the purpose of social control, it 
appears that a greater field for argument exists. Its objects in this 

better fed, clad and lodged than the Englidi of our time, will cover the^ 
islands . . . that machines, constructed on principles yet undiscovered, will 
be in every house — ^that there will be no highways but railroads, no travelling 
but by steam — ^that our debt, vast as it seems to us, mil appear to our great- 
grandchildren a trifiing encumbrance, which might easily be paid off in a year 
or two — ^many people would think us insane. ... 

Hence, it is, that though, in every age, everybody knows that up to his 
own time progressive improvement has been taking place, nobody seems to 
reckon on any improvement during the next generation. 

We cannot absolutely prove that those are in error who tell us that society 
has reached lie turning point — that we have seen our best days. But so said 
all who came before us, and with just as much apparent reason. — ^From 
“Today’s Opportunity for the Young Engineer,” W. H. Harrison, Electrical 
Engineering, June, 1938, p. 257. 

Reference : “Some Challenging Tax Questions/’ Floyd E. Armstrong, 
Mechanical Engineering, November, 1938, p. 844. 
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direction affect the distribution of income and wealth, as illustrated 
in existing income and inheritance taxes; in financing some form of 
subsidy to certain classes of industries or groups of producers: and 
taking possession of gains which may be considered socially undesir- 
able, as the excess-profits taxes do. 

With the tendency toward regimentation and socialization in our 
industrial life under government leadership, the expenses of govern- 
ment have steadily increased. To meet this, the elements of our 
nation which constitute production and distribution have had to meet 
larger tax rates, and taxation applied in an increasing variety of 
ways. A tax structure rapidly changing and continually becoming 
more complex — ^requiring interpretation and the setting up of more 
comprehensive accounting systems and methods — ^has, in itself, 
created new operating costs which must be met by the producers, 
distributors, and consumers. 

A large variety of taxes is encountered by the producer, the most 
important of which are: 

Taxes on property, such as land and buildings, to be paid to the city, 
county and state. 

Taxes on transactions, such as duties applied to import and export 
shipments, and sales taxes applying to sales made in certain states. 

Taxes applying to the wages and salaries of all employees, such as 
those levied by the national government in accordance with the Security 
Act to provide for old-age pensions. 

Taxes upon profits made by the concern according to periodic financial 
statements. 

Taxes upon inventories carried — ^for instance, taxes levied by the state 
upon warehouse stocks. 

Taxes upon capital, irrespective of profits or losses. 

Viewed objectively, the producer at once asks, “What good do 
these taxes do to help make a profit upon the individual enterprise 
in which I am interested?” Since the answer to this is usually “They 
have little or no immediate value,” we must go beyond the confines 
of the individual industry or business and consider the broader respon- 
sibilities of the industry. 

The engineer's viewpoint, as he accepts business responsibility, 
therefore, must include a clearer understanding of what should be 
the purpose of taxation, a study of the present methods with a view 


29Eeference: "Wrestling with the Social Security Act/^ Hanns Gramm, 
American Machinist, September 8, 1937, p. 774. 
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to simplification, and a greater appreciation of the social responsi- 
bilities of industry. 

Protection of the Citizen. We have seen that technical products 
require machinery, equipment, processes, and workmen in their pro- 
duction. In their application, use, and maintenance, they often re- 
quire engineering skill, since they are frequently used by many who 
are without knowledge of the theory or construction of the apparatus. 
The safety and health of all citizens, wherever they may be, must 
be protected. Uniform rules must be set up by national bodies directly 
or indirectly under government control which will protect alike both 
those who produce®® and those who use technical products.®^ 

The engineer in his work must not only understand what rules 
exist, but must also contribute to the perfection and extension of 
these rules and their enforcement. To assist in building effective and 
fair codes of authority, the engineer is performing a valuable service 
in protecting life and limb, and also providing products and services 
that satisfy human wants in the best way. 

Regulation of Industry. When industry was in the pioneering 
stage, few rules beyond the ethical standards of the day governed 
the action of industrial leaders. As a result, we find many instances 
where the interests of a large number were sacrificed to the interests 
of a very few. Many of the resources of the nation were exploited 
by individuals, and the savings of those less intelligent and aggressive 
were dissipated. As the result of such privileges and practices be- 


30 There are many examples of what ha,s been done to protect the worker, 
such as legislation regulating hours and working conditions, and requirements for 
safety devices on machines. The workmen’s compensation acts are important 
in this respect. They have been especially difficult to formulate and execute, 
particularly since, except for employees in the service of the United States gov- 
ernment, interstate or foreign commerce, or navigation, the United States has no 
authority to legislate on workmen’s compensation, such action being reserved for 
the states. This has made things difficult since legislation had little uniformity in 
any two states. However, at present, states have very complete workmen’s 
compensation laws that provide payment of compensation for injuries received 
while on duty, according to a fixed schedule, set up for the particular industry 
and injury. Whether such laws are compulsory to both employer and employee 
depends upon several factors and differs in the various states. The engineer 
should be effective both in the framing and the execution of such compensation 
laws. 

31 The many laws and regulations regarding construction and operation of 
technical equipment are all designed to protect the user. The elevator you ride 
in is inspected regularly; the wiring in your home is to a standard which pre- 
vents any chance of fire or bodily harm because of defective materials or work- 
manship. Practically every technical product or service we use today has the 
stamp of approval of some law or some group of inspectors. 
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came evident, and as higher standards of business ethics developed, 
the public generally became aroused and opposition grew. ^^Big busi- 
ness” became less popular, and the '^monopoly” and “trust” were tar- 
gets of attack.^^ This action followed two general lines: 

1. Legislation aimed at those attempting to control the whole or 
entire activity of industries or the needs of large groups of people. 

2. Legislation aimed at unfair trade practices, business favoritism, 
rebates, and the like. 

That legislation of this kind is relatively new is not true, for it 
was many years ago that the first agitation for such legislation began 
— ^in fact, more than fifty-five years have elapsed. Our very rapid 
growth industrially in the period from 1880 to 1890 saw capital being 
concentrated in the hands of fewer and fewer establishments. And 
with this trend, each year saw increasing protest against monopoly 
in the control of industry. But Congress was not anxious to do any- 
thing to curb the trusts, for at the time political campaign funds 
were being heavily augmented by “big business.” In fact, over a 
dozen states passed their own acts against the trusts before Congress 
finally was moved by popular demand to go into action. 

On July 2, 1890, Congress passed the Sherman Anti-Trust Act. 
This was the first national legislation of this kind. The act provided 
that “every contract, combination in the form of a trust or otherwise, 
or conspiracy in restraint of trade among the several states or with 
foreign nations” was illegal. Infraction of this law carried a fine of 
some $5000 or a year of imprisonment or both. It is interesting to 
note, however, that this law was really almost useless since clever 
corporation lawyers were able to interpret such words as “conspiracy,” 
“combination,” “trade,” and “restraint” so that the law provided no 
great obstacle to their proposed trust. History tells us that, during 
the period from the Civil War to the enactment of this act, but 24 
trusts were formed. The next decade after the passage of the act 
saw the formation of 167 trusts. 

The next important legislation against such trusts and monopolies 
came during the Wilson administration when, on September 20, 1914, 
Congress established the Federal Trade Commission. This commis- 
sion consists of five members who are appointed by the President of 
the United States to serve a period of seven years. As the Interstate 
Commerce Commission has control over the railroads, the Federal 

32 Reference : ^Tndnstry Organization and the Role of Government,” J, D. A. 
Morrow, Journal of Bminess of the University of Chicago, April, 1938, p. 25. 
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Trade Commission has power to investigate and regulate the behavior 
of business. Actually, the commission had as its main purpose to 
help “big business” to abide by the law rather than to punish it for 
disobeying laws, even though the commission does have the power to 
demand reports of corporations and to publish such information as it 
feels should be known by the public. Likewise, it can order a cor- 
poration to stop illegal practices and can even apply to the federal 
district court for an injunction against a corporation. Big business 
ordinarily appreciates this attitude. The commission constitutes a 
body of experts who, by advice and warning, prevent well-intentioned 
corporations from overstepping their bounds and hence keeps them out 
of the federal courts. 

At the same time as the establishment of the Federal Trade Com- 
mission, the Clayton Act was passed (October 15, 1914), which was 
intended to make more specific the wording of the old Sherman Anti- 
Trust Act of 1890. Among the things which it did were: 

Defined many illegal and tyrannical practices such as price cutting to 
eliminate competition, bribing of rival^s employees, forcing customers to 
trade exclusively with a particular company, and floating bogus com- 
panies. 

Forbade ^^interlocking directorates” (in which a small group of capital- 
ists, serving as directors of banks, oil and steel companies, and so on, 
controlled the business and credit of the country). 

Had provisions in favor of the farmers and organized labor. 

One of the more recent pieces of legislation of this kind is Hie 
Eobinson-Patman Price Discrimination Chain Store Act passed on 
June 19, 1936, Some of the provisions of this act were to make it 
illegal for any person engaged in commerce to discriminate in price 
between different purchasers of commodities of like grade and qual- 
ity; to pay or grant or receive or accept any commission or other 
compensation except for the services rendered in connection with the 
sale or purchase of goods, ware, or merchandise ; or to discriminate in 
favor of one person against another purchaser or purchasers of a 
commodity that is bought for resale, by furnishing or contributing to 
the furnishing of any services or any facilities comected with the 
processing, handling, sale, or offering for sale of such commodity, 
under terms not accorded to aU purchasers on proportionately equal 
terms. 

The legislation that has been discussed represents the more impor- 
tant anti-trust laws, although others have been enacted. For instance, 
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June 16, 1933, public law 67 was passed, known as the National In- 
dustrial Recovery Act,^^ which was designed to encourage fair com- 
petition, among other things. This was later declared unconstitu- 
tional. Still another example is public law 416 of June 19, 1934, an 
extract from the Communications Act of 1934, which dealt with the 
application of anti-trust laws and preservation of competition in com- 
merce — ^relating to the regulation of interstate and foreign communi- 
cations by wire and radio. 


This is briefly discussed in Chapter XVI, page 389. 
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INDUSTRIAL ORGANIZATION 

PROFIT MOTIVE 

Our economic history follows the advance which has taken place 
over many centuries, from the time when the individual was depen- 
dent upon his native environment for his needs to the present time 
when the environment is largely controlled. The sustaining of the 
body and its protection came as the first steps to the development of 
ownership of personal property, such as tools, weapons, clothing, and 
ornaments. Handicraft developed an increasing degree of specializa- 
tion in the creation of products and services. With specialization of 
effort came a condition wherein the creator of a particular article of 
personal property found that he created more than he, himself, could 
use, and failed to create through lack of time or skill other articles 
which he required. Thus trade developed, based upon an exchange 
of goods through the invention and use of currency, and not only a 
desire to purchase, but also a desire to exchange or sell, existed. 

During the seventeenth century, handicraft economy, wherein the 
individual or a small group of individuals working together created 
specialized goods, reached its maximum advance. During the eight- 
eenth century came the Industrial Revolution. Personal wealth up 
to this time had existed largely in the form of land, buildings, cattle, 
and money. Those with money were glad to lend it to others, pro- 
vided such loans carried with them security and a return. As mark- 
ing the Industrial Revolution, capital was turned into the creation of 
goods on a larger scale and workers in an industry were brought to- 
gether with the inauguration of the factory. Ownership and man- 
agement came into existence on one hand, and specialized workers, in 
groups of gradually increasing numbers, on the other. It was not 
until the following century that, with the inauguration of steam as 
an immediate energy source, the Mechanical Revolution, as it was 
called, occurred. With such changes management and workers be- 
came more markedly segregated, and all existing problems of the 
modem production system arose. 
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In following these various steps in development, we find the prin- 
cipal incentive to be profit to the individual, which is carried on 
through the wage earner, money lender, owner, and operator of or- 
ganized production. Our American economic system, with its various 
modifications and limitations, depends upon profit to the individual 
from effort expended and a right to hold such profits in the form of 
personal property. Industrial organizations were created and grew 
from the profit motive. 

DEFINITION AND FUNCTION OF ORGANIZATION 

Organization has been defined as the form of human associations 
for the attainment of some common purpose. The word ^Torm” is 
vital here, since it gives us a clue to the difference between organiza- 
tion and management Management is the force that coordinates 
the elements of the form or mechanism, and vitalizes the organization. 
The two words are closely correlated and are sometimes used 
synonymously. 

Organization must weld together many different factors essential 
to the inception and maintenance of any industrial enterprise: 

1. The entrepreneur, the individual or group of individuals who sup- 
plies the motivating force. 

2. The product or service that is the excuse for bringing the enter- 
prise into existence. 

3. The "backing'^ in the form of liquid assets, land, buildings, equip- 
ment, and materials. 

4. A plan for building and marketing the goods or services. 

5. The working force for building and marketing the product dr 
service. 

When we consider all these factors that are found to make up 
even the most humble of industrial enterprises, we begin to visualize 
certain functions that must be fulfilled by the organization. Some 
authorities list an “irreducible minimum” of these functions that are 
absolutely essential to all manufacturing enterprises regardless of type 
or magnitude. 

In some organizations, these fxmctions may be performed by one 
man. In a large concern, the same functions may be distributed 
among 50,000 or 100,000 employees. These operating functions are: 

1. Accounting and clerical. 

2. Design, or product determination. 

3. Purchasing. 
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4. Manufacturing — ^maintenance service. 

5. Selling. 

6. Industrial relations. 

7. Public and customer relations. 

The functions we have chosen to designate as ^^accounting and 
clericaF^ cover a complete system of records and reports in order that 
the executives may be kept in touch with conditions of the plant and 
of industry. An administrative standard must be set up, since the 
value of these reports lies chiefly in their ability to show how con- 
ditions of the enterprise or the industry as a whole compare with 
those of previous periods. 

Some of the more important standards may be roughly grouped 
as financial, procedure, and operating. The financial standards em- 
brace such concepts as the various ratios discussed in Chapter VII. 
The procedure standards coordinate the activities of the various de- 
partments and make it possible to detect the source of inefficiencies. 
Operating standards are, frequently, similar to financial standards, 
with this one exception: the financial standards permit comparisons 
only at stated intervals of a year or half year, whereas the operating 
standards permit running comparisons. 

The records that are an integral part of the accounting and cleri- 
cal function in organization are of varied types. They cover every- 
thing from the activities of sales engineers to the data on a drill 
press in the shop. 

When we come to the engineering function, termed here as design 
or product determination, we find that its importance depends en- 
tirely on the product or service. If the product is simple of design 
and manufacture, the engineering function may be subordinated to 
the manufacturing department.^ In a concern manufacturing prod- 
ucts of a very technical nature, the engineering department is usually 
highly developed and established as a separate unit independent of 
the sales and manufacturing departments. 

The main functions of the engineering department are resolved 
into two divisions : • 

1. The invention, design, and improvement of the products to be 

manufactured. 

1 For instance, in a line of apparatus such as textile machinery, the engineer- 
ing design function is of outstanding importance and requires comprehenmve 
facilities. In the manufacture of a technical product such as rayon, however, the 
parallel fxmction, performed by those who determine the characteristics of the 
product to be made, may be performed by an individual or a very anall group 
of individuals, and the big problem becomes that of manufacture. 
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2. The planning and determining of dies, tools, and other specialized 
equipment for use in the manufacturing operation, and establishing the 
limits for inspection and test of the finished product. 

These engineering fimctions break down into such subdivisions as 
the study of product from the standpoint of efficiency and its adequacy 
for the ultimate usage and from the manufacturing standpoint. 

The engineering department should cooperate with the sales de- 
partment in investigating alleged failure or weakness of product. It 
should design special machinery required, study raw materials, deter- 
mine the machines, tools, and gauges for use in the manufacturing 
operations, and furnish the engineering counsel necessary in making 
sales. In a few large concerns, the function of research is carried on 
by an independent department, but in the majority of establishments, 
this too comes under the engineering department. 

We now come to the purchasing function. The purchasing de- 
partment is of greater importance than is generally conceded, for, 
frequently, the margin of profit and the quality of product depend 
largely on the intelligent purchasing of raw materials, equipment, 
and supplies. The importance and the organization of the purchas- 
ing department will be considered at length in a later chapter. 

Turning now to the manufacturing function, the manufacturing 
department is responsible for building the product itself. The manu- 
facturing department must turn out a quality product at the lowest 
possible cost. It must make rush deliveries and meet special require- 
ments for large customers; as it must attempt to please everyone, it 
has a difficult time pleasing anyone. 

The sales function in most concerns is made to include actual sell- 
ing, sales promotion, and advertising. Even in companies that devote 
separate departments to these functions, they are none the less closely 
coordinated. The sales department must select and train salesmen, 
establish a plan for selling each type of product, set up branch offices, 
establish district warehouses and distributors, and perform many 
other duties that will be taken up in later chapters. 

The indus^ial relations function is one that has attained general 
recognition only of late years. Employers have been forced to realize 
the vital necessity of devoting attention to the problem of employer- 
employee relationships. 

The extent of industrial relations work varies widely among in- 
dustries and concerns in an industry. Personnel work includes the 
employment and training of workers, improvement of working con- 
ditions, welfare work, and orientation of the worker in his proper 
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sphere. Companies that give insuflScient attention to personnel work, 
or carry on their industrial relations on an unsound basis, inevitably 
reap the whirlwind in the form of strikes or generally unsatisfactory 
employee conditions. 

A function that has been even slower to gain general recognition 
is that of public relations. Bitter experience has shown that unfavor- 
able news stories will nullify the effects of expensive sales and adver- 
tising campaigns. The good will of the buying public is one of the 
most valued assets that any business concern can have. And so it is 
that, if for none other than selfish reasons, many manufacturing and 
business companies have established departments the sole activity of 
which is to gain the good will of the general public. These public 
relations departments endeavor to present, to the public at large, 
the company’s activities in the best possible light, and to have the 
message given nationwide circulation. 

FINANCING AN ENTERPRISE 

We shall find, in the topic that follows, the problem of the selec- 
tion of the proper form of organization of an enterprise— that is, the 
choice between an individual proprietorship, a partnership, or a cor- 
poration. We shall further see that finance and the amount of capi- 
tal required to get the enterprise started will have a great deal of 
bearing upon which form is the most desirable. Since every enter- 
prise is faced with the problem of financing, we shall here merely out- 
line why financing is necessary. The detailed methods of financing 
an enterprise, such as by private capital, loans, mortgages, and the 
sale of stocks and bonds, ^ are basic principles. For a detailed treat- 
ment of these methods, the student is referred to business handbooks 
and other books on business financing. 

Why Is Financing Necessary? Suppose that we were starting a 
company to engage in the manufacture and distribution of a particu- 
lar product. Besides a well-formulated plan for establishing and 
operating the enterprise, funds would also be required with which to 
purchase physical assets of all kinds necessary to carrying on our 
enterprise. Land, buildings, machinery, and equipment would be 
needed. Stocks of raw materials would be required, and salaries and 
wages would become due long before any products were available, 

^ The difference between stocks and bonds is often misunderstood. The share 
of stock represents ownership in the incorporated enterprise; the bond represents 
a funded debt of the enterprise to be paid at a stipulated time usually well in 
the future. 
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from the sale of which funds could be collected. Months and even 
years might pass before the income from sales equaled all the costs 
of production and distribution, since time would be required to or- 
ganize and train factory and sales employees. Perhaps, in the mean- 
time, unforeseen troubles might be experienced with production proc- 
esses, or perhaps anticipated sales might not materialize owing to 



Figxjee 1. Industrial and commercial business failures in the United States. 
Data from Bun’s Review (Dun and Bradstreet, Inc., New York City). 


shrinkage in market demands. Hence, it often happens that avail- 
able funds with which to carry on are lacking, and we realize that 
enterprises fail from having been inadequately financed. 

Each year, thousands of business enterprises go out of existence ® 
from lack of what we term ^^capital.” Figure 1 clearly illustrates 
how this has been going on for many years.^ Most companies fait 


3 Every day, on an average, 1142 corporations go out of business and 1292 
new ones are created, according to Dun and Bradstreet. Obviously, many of 
these are small local business companies. 

^ It is of special interest to note, on this curve, the large number of failures 
occurring in 1932 and the years immediately preceding, followed by a great de- 
crease in number of failures from 1934 through 1938. This sudden drop may be 
interpreted to mean that, as the depression struck, it forced most of the weaker 
businesses to fail, and since 1932 there has been little opportunity for other 
weaker ones to get under way and then fail. Also, stricter government regula- 
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because they are poorly managed, and the most common weakness 
on the part of management ® is failure to provide for financing the 
enterprise. This holds true of any company, whether it is engaged in 
manufacturing, mining, distribution, construction, or the rendering of 
specialized service. Certain items, such as plant and equipment, may 
be rented instead of bought, but if one is to rent he must establish 
credit, and various risks and additional expenses are often incurred 
in so doing. 

Funds are required, therefore, to: 

Establish an enterprise on a basis originally planned. 

Carry the enterprise on so that all bills are paid promptly and when 
due, in spite of varying conditions of purchase and sale. 

Provide for activities of a development nature, such as the invention 
and perfection of new products to make and sell, or the embarking upon 
a sales promotional and advertising program. 

Provide for major risks, such as extended periods of business depres- 
sion, strikes of employees, or property loss, not all of which can be ade- 
quately predicted or provided for through insurance. 

Furnish additional facilities of any kind necessary to growth and ex- 
pansion of the enterprise. 

Almost invariably, in newly formed concerns, and those managed 
by individuals lacking mature experience in financial as well as op- 
erating matters, we find that the expenses prove to be higher than 
those provided for in the original estimates. 

Man power is the greatest asset any company has, because, from 
it, all progress emanates. Capital must be invested, therefore, in the 
selection and training of a group of individuals, and in providing an 
atmosphere in which they may work enthusiastically and harmoni- 


tions and extensive lending programs have served to reduce the number of 
failures to an almost all-time low. 

Another interesting observation is the general trend of total business failures. 
If one establishes this trend on the curve, he will see that it shows total busine^ 
failures to be on a rather steady increase. This trend does not mean, however, 
that a larger jiroportion of the total number of businesses are failing each year, 
for it must be remembered that the total number of businesses is also on the 
increase. In fact, the general trend of the total number of existing established 
businesses is very nearly parallel to the trend of the number of failures — both in- 
creasing at approximately the same rate. The curve of percentage of failures 
to total number of businesses bears out the fact that, taking the general trend 
over the years, the ratio of failures to total businesses is fairly constant. 

® Recently, a prominent business executive, who has risen from the ranks of 
aagineers, pointed out that the most valuable principle he had to learn, after 
leaving the technical school, was the importance of adequate resources and an 
ample cash balance in conducting a business successfully. 




98 


INDUSTEIAL ORGANIZATION 


ously toward one end. The establishing of an organization of indi- 
viduals requires financing. Useful patents which may be developed 
or purchased likewise require financing. Neither of these items, to- 
gether with many more, can be seen and measured as can a piece of 
land, a factory, or a group of production machines — but nevertheless 
they have to be financed, and often the amount they will require is 
not readily predictable, and may easily be underestimated. 

In much the same way, the contracting company which under- 
takes to build a structure must provide funds with which to proceed. 
Although the contracting company does not or will not own the struc- 
ture, provision must be made for buying materials and paying work- 
ers — often long before any large volume of funds is received in 
payment for the undertaking.® 

Similarly, we can easily visualize a new power plant being erected, 
with necessary equipment for generating, transforming, and distribut- 
ing power. Such work must be complete and trained workers at their 
places of duty before one cent is received in revenue. Or again, a 
company operating a line of public service buses obtains a franchise 
from a city to operate on its streets. Several modern buses must be 
purchased and put into operation before a single fare is collected. 
Certainly such projects call for expert financing if they are to succeed. 

And so we see that the first item we encounter in launching an 
enterprise is the demand for capital — ^the necessity of a plan for 
financing our business in its early stages and for keeping it in opera- 
tion until the day we hope for arrives when the enterprise becomes 
self-supporting, and begins to make a return on its investment. 

Credit. It is true that a concern can borrow money or buy ma- 
terials or services with a “promise to pay” at some time in the future, 
but this cannot be done without credit, which will be mentioned briefly. 

Credit is the power to obtain products or services through giving 
a promise to pay money, or an3rthing else of specific value, upon 
demand or at a specified time. It must be noted that there must be 
a willingness and also an ability to pay, and a time specified when 
payment shall be made. Establishing credit, therefore, depends upon 
the reputation of the company or individual, which is based upon his 

® It is interesting to note in passing, for instance, that the Boulder Dam was 
built by the Six Companies, which was a newly formed organization consisting of 
a combination of six large contracting companies. No single existing contracting 
company was sufficiently large or financially responsible to undertake so large a 
contract and risk. 
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business habits and integrity, and also upon his financial condition. 
The last is easily determined at the time a loan is inadirb'^t 
borrower's ability to pay when the obligation comes due " 

Obviously, the further in the future the payment of the obligation is 
to be made, the greater is the risk involved, because as time passes 
conditions may undergo changes which will completely alter the 
financial condition of the borrower^ 

We might further classify credit on the basis of its use. Credit 
extended for production purposes — that is, the borrowing of money 
for a plant site, buildings, and productive machinery, or what we 
term capital expenditures — ^is ordinarily considered long-term credit. 
If credit is granted for such purposes, many years may elapse before 
payment is to be made. On the other hand, credit extended upon a 
stock of steel in the hands of a small tool manufacturer, which might 
be accumulated when steel prices were low, is ordinarily considered 
short-term credit or commercial credit, because payment can be made 
with reasonable promptness as money becomes available from the sale 
of the finished products. Borrowing upon a stock of radio receiving 
sets in the hand of a distributor would likewise involve this sort of 
credit. 

In the examples cited, both for long- and short-term credit, credit 
was established upon specific things of value. Sometimes, however, we 
find that credit is extended simply on the basis of integrity and 
financial responsibility of the concern to whom it is extended, irre- 
spective of any particular object of value existing as. security. 

Surplus and Liquid Funds. The importance of the accumulation 
of a surplus in funds, and also holding a large share of such funds 
in liquid form, cannot be overemphasized. As the volume of business 
done by enterprises varies from year to year, resulting in a profit or a 
loss, it is essential to have set up a reserve making it possible to 
continue an enterprise during times of poor business. A much larger 
number of companies during the long depression of business extending 
from 1931 to 1936 would have failed if they had not accumulated a 
surplus, and also held a large share of this in liquid form. Some 
companies that experienced a loss during these years continued to 
pay dividends to their stockholders from the surplus that had been 
previously accumulated. 


^For this reason, '^short-term loans” carry a lower interest rate, usually, 
than "long-term loans ” 
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FORMS OF ORGANIZATION 

The simplest and oldest form of business organization is the indi- 
vidual proprietorship, which is simply the individual in business for 
himself. No matter how complex the business organization may be, 
it is headed and owned by the proprietor. 

Among the advantages generally attributed to the individual pro- 
prietorship are the ease of inception and termination of the enter- 
prise. The policies are formulated by the proprietor, they can easily 
be modified to meet changed conditions, and the organization is flex- 
ible and less given to internal friction than one of any other form. 
In many ways the proprietorship can be likened to a dictatorship in 
government, since both partake of the same advantages of centraliza- 
tion, flexibility, and fixed responsibility. 

But there is another side to the picture. The most serious limi- 
tation of the proprietorship in modern business is the amount of capital 
that any one man can assemble. In these days of enormous cor- 
porations, when one steel company spends $60,000,000 to construct a 
new plant, it is obvious how limited a concern would be if it were to 
depend on an individual owner for all its capital. 

Amother disadvantage of the individual proprietorship is the un- 
limited liability of the owner for all business debts. He stands to 
lose his entire personal fortune if his business should fail. Again, 
the possibility of the disruption of the business from the death of its 
owner is a disadvantage. And finally, the abilities needed to guide a 
modern business may be varied and much too extensive for any 
one man. 

When the individual proprietor sees that he needs more capital or 
executive ability that only other men can furnish, what is more 
logical than for him to make one or more of his business associates 
partners in the concern? We thus simply and logically evolve the 
partnership,® a form of organization nearly as old as the individual 
proprietorship. 

The partnership is characterized by numerous advantages and dis- 
advantages, the most important of which are: 

1. Ease of inception. An oral or written agreement between the con- 
tracting parties is all that is necessary in many states. 

2. Mutual responsibility. Each partner is bound by the acts of the 

® A classic example of a partnership which developed into a very large organi- 
zation and finally, owing to the size of its business, had to become incorporated, 
is that of Burnham and Williams of Philadelphia, which became the Baldwin 
Locomotive Company in 1969. 
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others in all business transactions. In some ways this may be a dis- 
advantage; in others, it is advantageous in that it prevents the delegation 
of management characteristic of corporations. 

3. Individual liability. Creditors sue each individual partner, since 
the partnership itself is not a legal entity. Since each partner is liable 
to the extent of his personal fortune, this feature presents the same dis- 
advantage of unlimited liability that characterized the proprietorship. 

4. The death or withdrawal of any partner automatically results in 
termination of the partnership, and a new partnership must be drawn 
up before business can be continued. This feature is also as disad- 
vantageous as the similar characteristic of the proprietorship. 

5. The partnership enjoys certain freedoms not granted to corpora- 
tions. The partnership is more flexible in that it is not limited to any one 
type of business, whereas the corporation may pursue only the line for 
which it was incorporated. In addition, the partnership is free from 
many taxes and restraints imposed on corporations. 

Thus, we see that the partnership has greater possibilities in rais- 
ing of capital and in specialization of executive talent than the pro- 
prietorship. It maintains much of the flexibility, but is so unfor- 
tunate as also to share the proprietorship’s unlimited liability and ter- 
mination by death or withdrawal of the management. 

The more modern form of organization is the corporation. In 
essence, it is founded on the pooled resources of many individuals, 
commonly termed the stockholders, since each has a share or “stock” 
in the ownership of the company. The corporation has rapidly be- 
come the dominant form of industrial organization® in the United 
States, owing to the advantage it possesses of almost unlimited capital, 
and to elimination of several other weaknesses found in the proprie- 
torship and partnership. 

Since a large corporation may be made up of thousands of stock- 
holders, it is apparent that all these owners cannot be actively en- 
gaged in the management of the enterprise. In a business corpora- 
tion, the owners delegate their responsibility to a board of directors 
or managers, often elected from their number. This board of directors 
elects a chairman, and to this group and its chairman the entire indus- 
trial organization of president, vice-presidents, managers, assistants, 
and so on, are responsible. 

Certain characteristics distinguish a corporation from the other 
forms of organization that we have previously noted. They are: 

^ The extent or growth of a corporation may be limited, in adhering closely 
to the production and distribution of a given product, by tending to become 
a monopoly in any one field, thus running coimter to federal statutes. 
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1. Corporations obtain their capital from a subscription of stock, which 
is usually spread among a large number of individuals. In this manner a 
large corporation can gather together capital assets far surpassing those 
possible in the partnership or proprietorship. 

2. These shares, denoting partial ownership in the concern, are readily 
transferable. This is a distinct and important difference from the part- 
nership or proprietorship, where a change in ownership usually means a 
violent upheaval in the whole organization. 

3. One of the most pronounced advantages of the corporate form of 
organization is that of limited liability. The shareholders are commonly 
liable for the debts of the corporation only up to the amoimt of their 
stock. This one factor alone has been accountable for much of the 
development of the corporate form of business organization in recent years. 

4. Because of the large number of owners, the management of the 
corporate organization must of necessity be delegated. The delegation 
of active management has several aspects. It insures more efficient 
management. It attracts capital from the investor who wishes to share 
in the ownership, but lacks ability or opportunity to share in active 
management. 

5. The corporate form of organization is characterized by perpetual 
succession throughout the span of its charter. Though owners or man- 
agers may die or change, legal entity still remains intact. This is another 
marked advantage over the partnership. 

6. Corporations must confine their activities to those for which they 
were conceived. Unlike the older forms of organization, the corporation is 
by law forbidden to engage in activities not included in its charter. The 
importance of this is decreasing, since the charters are written in broad 
terms that impose few restrictions. 

7. The corporation is legally a person, and consequently can sue or be 
sued. The vital significance of this is seen in the nature of court decisions, 
in which the courts generally have looked upon corporations as distinct, 
individual personages. 

8. The corporation has a name and a seal as evidence of its distinct 
identity. It may be granted some unique powers and privileges. One of 
the best known of these is the right of eminent domain granted the 
public utilities, and permitting them to take over private property with- 
out consent of the owner, upon payment of reasonable compensation. 

9. Corporations are formed by grant of authority from the state in 
which they are incorporated. Certain states, notorious for their liberality 
in these regards, are the legal ''homes” of many corporations which con- 
duct practically all their business in other states. 

Perhaps the two most vital advantages the corporations enjoy 
over the partnership and proprietorship are those of limited liability 
and great potential capital resources. But the corporation has ob- 
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vious disadvantages. Among these are unwieldiness, inertia, and de- 
centralization of responsibility. Internal friction, bureaucracy, and 
inflexibility are concomitants of the great size of corporate enter- 
prises. They experience difficulty in adapting themselves suddenly 
to changed conditions, as has been already mentioned. Corporations 
vs. partnerships is similar in many ways to a form of democracy vs. 
dictatorship. 

THE HOLDING COMPANY 

The holding company ^ as a means of controlling more than one 
corporation, is the most widespread device in use today. It offers 
marked advantages over pools, trusts trade associations, and simi- 
lar forms of organization. The holding company secures control of 
a large corporation by purchase of a majority block of stock, or, in 
some cases, a small minority ownership gives actual control when it 
forms the balance of power between larger blocks. 

The holding company has numerous uses and abuses, among which 
are the following: 

1. In securing control of large industrial concerns by those who have 
little capital in the enterprise. 

2. Evasion of the law. This is particularly true in the public utility 
field, in those states requiring that its utilities be operated by corporations 
chartered in that state. In this case, the stock of the utility is often 
owned by an outside holding company, thus controlling the utility without 
breaking the letter of the law. 

Evasion of government regulation is akin to this. Public utilities are 
subject to regulation by the government, whereas many holding com- 
panies have been outside of state control. 

3. As contrasted to the looseness of pools and eartels,^^ the holding 
company gives complete control. It may have advantages over the fusion 
of two corporations, for the corporations do not lose their separate iden- 
tities, minority stockholder's blocking of acquisition is forestalled, subse- 
quent separation of the concerns is more readily accomplished, and the 
control of one by the other is brought about more economically. The 
economy of the control of several allied corporations by a holding company 
is often very marked in specialized functions of management and engi- 


A pool is defined as any aggregation of the interests or property of differ- 
ent persons, made to further a joint undertaking. 

A tntst is defined as a business oi^anization or combination, consisting of a 
number of firms or corporations operating, and often united, under an agreement 
for the purpose of price, volume, or market control. 

A cartel is a form of combination originating in Germany and continuing in 
other European countries, for the purpose of control of price, territory, or mar- 
ket of a product. 
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neering, and in the joint activities such as purchasing, marketing, and 
advertising. 

4. Holding companies make possible the pyramiding of earniags. A 
control of several corporations is secured by purchase of blocks of com- 
mon stock, the capital to purchase this stock being obtained by sale of 
stock in the holding company. By means of this device of partial 
financing through fixed income securities, the moderate earnings of the 
controlled corporation give large earnings on the holding company stocks, 
but at greatly increased risk. An excellent illustrative example of this 
device can be found in '^Organization and Management of a Business En- 
terprise'' by Fenistrom, Elder, Fiske, Schaeffer and Thresher, Chapter VI. 

TYPES OF ORGANIZATION 

In the small, one-man type of business that we have already 
noted, the owner-manager directly heads every activity in the organi- 
zation. If the concern is small, and the employees fev^, he can do 
this successfully. The owner may combine the functions of manager 
and shop foreman all in himself, and under him have workmen and 
an oflSce force, all of whose activities he personally directs. 



Workmen 

Figube 2. Line or military type of organization. 


As this concern becomes larger in size, the activities become too 
numerous and broad to be directed by one man. The owner may 
give over active management to a general manager, who in turn may 
employ others to specialize in the production, the sales, and the 
financial functions. Thus, we find the organization becoming more 
complicated with the advent of specialization. 

Figure 2 illustrates an organization such as that which we have 
Just described, not very far removed from the one-man type of busi- 
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aess concern. This is usually referred to as the ^^military” or “line^^ 
type of organization, the former title due to its historical derivation, 
since it is patterned after the ancient type of military organization. 
Military control demanded that authority descend in a straight line 
from the general to the lowest-ranking warrior. The general gave 
orders to his subordinates, the latter to their subordinates — on down 
to the regular soldier. In our chart in Fig. 2, we see that the owner 
gives orders to the manager, the manager to the sales, financial, and 
works superintendents, and so on down to the workmen. The larger 
this type of organization grows to be, the larger is the number of 



Men 

Figueb 3. Line type of organization 
with a foreman over a few workmen. 


assistants required, and the distance from owner to worker becomes 
greater and greater. 

This t 3 pe of organization possesses certain marked advantages as 
long as it does not grow too large. Responsibility is clearly defined, 
discipline is readily maintained, and action is direct. 

For the best nnderstanding of the disadvantages, let us turn to 
Fig. 3.^^ Here we have a leader — ^let us say a shop foreman — ^under 
the line type of organization, with three men directly under him. 

In this concern the foreman spends about one-third of his time in 
overseeing the efforts of his employee, one-third in actual work with 
his bands, and the other one-third in attending to such routine mat- 
tens as correspondence and personnel work. 

All is well and good, as long as the number of workera is small. 

^ As we progressively illustrate the forms of orgamzatioas by means of 
diagrams (Figs. 3, 4, 5, 6 and 7), for the sake of simplicity we will expand the 
details of the diagram only in so far as it relates to maniifacture. 











106 


INDUSTRIAL ORGANIZATION 


But let us consider Fig. 4 to see what happens as the organization 
expands. Here we see that the foreman has to give up entirely any 
actual hand work. He spends about two-thirds of his time in over- 
seeing his employees, and in the remaining one-third attempts to keep 
up with the increased amount of detailed work. His control over his 
subordinates is weaker, and the advantages of the line organization 
are being outweighed by the disadvantages. 

The only answer to this is to divide up the workers into two 
groups, put a subforeman over each group, and have these subforemen 
report to the foreman. The subforemen are then free to spend most 
of their time in an advisory capacity, and the foreman devotes the 
majority of his time to plans and direction. This is shown in Fig. 5. 


PRESIDENT 


General Manager 

^ I I 

WORKS SUPERINTENDENT 


I Foreman | 

Men 

Figure 4. Line type of organization with a foreman over many 
workmen. Much of the foreman’s time must be spent in overseeing. 

The main weaknesses of the military type of organization are 
that it asks more of the foreman than is humanly possible for him 
to perform. He must oversee the activities of his men, a job in 
itself. In addition to this, he must handle all the routine, employ 
and release men, instruct them, do all the planning and layout work, 
and so on. He is responsible for the shop work, and is in entire charge 
of all that goes on there. It is obvious that this type of organization 
has very definite limits as to size. 

Summing up the disadvantages of the military organization, we 
find: 

1. That it demands more of the men than is humanly possible for 
them to perform, and men sufficiently capable are almost impossible to 
find. 
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2. Tliat leaders are overloaded with details so that they caimot de- 
vote sufficient time to executive work. 

3. It fails to utilize specialization, with the result that work is not 
done efficiently, and costs are likely to be excessive. 

4. Discipline, rather than cooperation, is the impelling force. 

If a concern is expanding to the point where the old line organi- 
zation is no longer satisfactory, what, then, is the solution? How 
should we reorganize to form a smooth-running business? 

The line and staff organization is a partial answer, but it like- 
wise is subject to size limitations. This form is merely the military 
organization with the addition of a staff to take the burden of details 



Figueb 5. Line type of organization with snbforemen taking over 
much of the overseeing previously done by foreman, leaving his time 
free for other, more important duties. 


from the executive's shoulders. The leaders, be they managers or 
group leaders, are then able to utilize more of their time for making 
decisions on policy, and such work. 

Figure 6 shows how the staff may conceivably be added to a 
straight-line organization. The addition of a production expert as 
an assistant to the works manager relieves the manager of much of 
this phase of his duties, and the clerks assume many of the onerous 
details that take up valuable time which the foreman should devote 
to other work. 

As our mythical organization continues to expand, we soon find 
that the addition of a staff is but a tenaporary expedient, and a radi- 

Reference : “Executive Responsibility,” Edgar W. Smith, The Society for 
the Advancement of Management Journal, January, 1938, p. 29. 
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cally different form of organization is necessary. This need is filled 
by the “fmctionaF’ type. The functional organization makes a high 
degree of specialization possible, and utilizes division of labor to a 
great extent. The necessity for "'all-round^’ men, so essential to the 
line organization, is completely done away with. 

The functional organization, as its name indicates, divides the 
work up into functions, and abolishes the direct line of authority 
found in the military form. A specialist heads each function or 
group of associated functions. These executive specialists have charge 


PRESIDENT 


General Manager 


WORKS SUPERINTENDENT - j Production Expert 


I 


Foreman Clerk 


Clerk h— I Subforeman 



Subforeman 






■piBlipil 


6 4 i □ i 6 6 

Men Men 

Figure 6 . Line with staff organization. Staff includes production 
expert as assistant to works superintendent, and clerks assisting the 
foreman and snbformen. 


of their particular activity throughout the organization, no matter 
where these functions are found. 

Tor example, the director of personnel hires all employees for the 
various departments. The chief engineer heads up engineering through- 
out the organization; even though the company has ten plants manu- 
facturing as many products, the chief engineer is responsible for the 
engineering work on all these products in each plant. The executive 
in charge of purchasing buys the materials and supplies for all plants 
and all departments of the organization. 

Figure 7 shows one theoretical functional organization in which 
engineering, works, and personnel departments pursue their functions 
through all departments of the organization, including stock layout 
and routing, time study, cost, service, materials, inspection, and others. 
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In the functional type of organization, the worker takes his orders 
from more than one foreman or group leader. The various functions 
which affect the worker are headed up by the different supervisors, 
and each in turn has control over the worker in the performance of 
that function. Each supervisor, by performing only one duty, should, 
theoretically, became an expert in that line, and the worker should 
benefit from getting expert attention in all the different lines, such 
as planning, rates, personnel, dies and fixtures, and inspection. The 
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-Figure 7. Theoretical functional organization chart. 


disadvantage of the functional type of organization lies in the fact 
that, for a particular produet, for instance, there is no single indi- 
vidual in charge of activities in connection with it, and therefore, with 
this t3rpe of organization there is a lack of fixed responsibility. 

Figure 8 shows a functional type of organization actually in use 
in a large company manufaeturing a number of different products, 
only four of which are shown on iMs chart. 

In an actual busings concern, the organization is likely to be a 











110 


INDUSTRIAL ORGANIZATION 


combination of the line, the line and staff, and the functional types. 
Each of these forms has its advantages and disadvantages. The 
larger the concern, the more difficult it is to coordinate all depart- 
ments and activities. One composite method now often used by the 
large concern is known as the divisional type, and is illustrated in 
Fig. 9. Here each division is headed up by a manager reporting to 
the general manager. Each division is a unit unto itself, the head- 
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Figure 8. One form of the functional type of organization in 
actual use by a large- company manufacturing a number of products. 


quarters sales, engineering, and works managers acting in an ad- 
visory capacity. 

There are indisputable advantages in having such activities as 
purchasing on a functional basis. And, at the same time, there are 
distinct advantages in dividing certain activities up into separate 
operating divisions; each, in a sense, pitted against the other and 
responsible for a profit. Modem management recognizes this, and, 
as a result of this recognition, the larger business organizations of 
today are ^^cross-breeds, combining the functional, military, and line 
and staff as advantageously as possible. 
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Figure 9. The divisional type of organization. 


FACTORS IN SELECTING THE TYPE OF ORGANIZATION 

From a study of the growth of individual organizations and the 
modifications that have taken place in the form of these, it will be 
readily seen that several factors may have an influence in determin- 
ing these changes. They may be summarized as follows: 

Purpose of the Organization, The organizations cited are those en- 
gaged in the production and distribution of products of a technical 
character. Such organizations are more complicated than those formed 
for rendering a service or performing a particular function, as, for 
instance, a firm of engineers or architects, a distributor, a maintenance 
service company, or a construction contractor. 

Bize of the OrganizatioTi, It is obvious that, as an enterprise grows 
in size, the amount of specialized effort increases, iustif5?ing individuals 
being assigned solely to certaiu lines of work, where, in small enterprise, 
one individual may perform more than one function. 

Variety of Products or Services, The enterprise which makes only one 
product requires a simpler oi^anization than one which makes a variety 
of products. 
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We cannot do more than mention, in passing, a few other factors, 
in the hope that they will be thought-provoking. The degree of con- 
trol over expense that is needed enters into the determination of the 
type of organization. The need for interrelating of functional activ- 
ities varies greatly, and is a determinant. 

The ease of functioning and set-up necessary for doing its daily 
business, is not the same in every line of activity, and this should be 
considered. If the concern is large with a far-flung network of plants, 
warehouses, and offices, the factor of geographic location will obvi- 
ously enter the picture. And, from the sales point of view particu- 
larly, the location and type of the market are of importance in 
setting up the organization. 

The development of a form of organization, then, is almost always 
a matter of compromise, for no one can say that exactly this or that 
particular type of organization is the only one suited for the purpose. 
Often, in business today, we find two enterprises engaged in very 
much the same line of work, subject to the same general conditions, 
wherein there exist some rather marked differences when it comes to 
the details of organization, yet both enterprises are carried on suc- 
cessfully. Much depends upon the personal characteristics and atti- 
tude of the management and those developed in each employee, for, 
unless all employees work together enthusiastically and cooperatively, 
results cannot be obtained even by the enterprise which we consider 
to be perfectly organized. 

Marvin Bower, 'Trntangling the Corporate Harness,” Mechanical Engineering, 

December, 1938, p. 904. 

MISCELLANEOUS CONCEPTS 

System. A word that is often misunderstood is ^^system.’’ As 
applied to industrial organizations, system may be defined as em- 
bracing the methods of procedure that have been planned for reduc- 
ing the bulk of the daily work to a routine. That the fiow of daily 
work must be directed into routine channels for the sake of efficiency 
is self-evident. System makes it possible for work otherwise attended 
to by executives to be safely performed by less skilled persons, and 
thus leaves the time of the executive free for planning and directing. 
^^System^^ is really a plan of procedure, from the mere detail of filing 
papers on throughout all the work that is done in the organization. 

Red Tape. System is often referred to in a derogatory manner 
as ^^red tape.^^ Red tape is actually the misapplication of system. 
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When the daily functioning of business is impeded, rather than facili- 
tated, by the system, then the observer contemptuously condemns the 
seemingly petty details as ^'too much red tape/' There is a tendency 
in large organizations to oversystematize, usually with more or less 
disastrous results. But it must be realized that even the best applied 
system is seemingly inflexible to anything that opposes it, or attempts 
to hasten it. For instance, a concern may have set up an excellent 
system for receiving, approving, and entering orders. This system 
works smoothly, perhaps without anyone being aware of its existence, 
until someone tries to put through an order in a different manner, or 
attempts to rush it through. The result will be a snarl and con- 
fusion that is unbelievable.^® This is not ^^red tape"; it is the misuse 
of ^'system ” — a system that is perfectly satisfactory for the ordinary 
run of business, but inflexible to any deviation. 

Committees. The committee is a common tool in industrial or- 
ganizations to reach a certain kind of result. It best functions in an 
investigating and advisory capacity, rather than an executive capac- 
ity. Executive action, by and through committees, is usually slow 
and tedious, and there is an inclination for any one committee member 
to side-step direct responsibility. The group composing the com- 
mittee, to be effective, should be made up of individuals vitally con- 
cerned in the various branches of work under consideration. 

An obvious purpose of the committee is to uncover ideas and sug- 
gestions that will lead to the better management of the concern. A 
less apparent, more subtle, objective is to further cooperation between 
different departments and divisions of the organization. The mem- 
bers of the committee feel that they are shaping the company's pol- 
icies. They are given a more profound understanding of the other 
fellow's problems. They feel a responsibility, and a sense of loyalty, 
conducive to the best interests of all concerned. 

THE PERSONALITY OP AN ORGANIZATION 

An industrial organization acquires a personality just as does an 
individual, because it consists of a group of individuals with a vary- 
ing degree of principle and purpose. The closer the group works 

An owner of a certain make of radio living a distance from any authorized 
d^er broke the drive belt on his radio dial. Wishing to install it himself and 
hoping to hurry the belt’s delivery, he sent direct to the factory for it, instead 
of ordering through a dealer. As a result of this order, which was entered con- 
trary to established system, the owner negotiated two months before he re- 
ceived his belt — a 15c item. 
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together and the more clearly defined the policies and objectives are, 
the easier it becomes to apprehend and visualize the personality of 
the organization. Management is coming to realize this more and 
more, and to appreciate the value of reputation and personality. The 
expression ^^soulless corporation^^ has been current a long time, and 
many corporations have existed in the minds of the public as pos- 
sessing neither principle, personality, nor conscience. This is because 
some managements have had the impression that successful operation 
consists of making a good profit at the expense of everything else.^® 
Our ideas are also changing about what constitutes a successful or- 
ganization, and management's ideas are changing to the belief that, 
to be permanently successful financially, a higher set of principles 
is necessary, and a broader view as to the nature of responsibilities 
is needed. 

Industrial organizations differ greatly in the extent of relation- 
ship with the public. The railroad personally comes in contact with 
a large variety of people over wide areas, through the nature of its 
service, whereas the manufacturer of air brakes may come into direct 
contact with but a very few, aside from the communities wherein its 
manufacturing plants are located. 

ESTABLISHING A REPUTATION 

The reputation of an individual organization is established in a 
number of ways, and the public forms opinions both favorable and 
unfavorable which constitute one of the most valuable or deterring 
influences toward success or failure that a company can have. News 
travels in a thousand ways, and as we have seen business is done to 
an extent by the reaction of the emotions. Impressions are created 
and opinions formed regarding an organization through contacts of 
every sort. 

A mail-order house selling entirely by means of a catalogue might 
appear to represent a company having the minimum number of ave- 
nues of contact. Besides the catalogue itself, the company's repu- 
tation is created by the quality of products it sells, the form and 
manner in which inquiries and orders are handled, and the attitude 

tke! complex industrial society under which we now live, manage- 
ment no longer represents, as formerly, a single interest; increasingly it functions 
on the basis of a trustee-ship, endeavoring to maintain a proper balance of equity 
between four basic interlocking groups: the shareholders . . . the jobholders . , . 
the customers . . . the public.” From “Management’s Aims and Responsibilities,” 
Lewis H. Brown> Factory Management and Maintenance, October, 1938, p. 56. 
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in the collection of accounts and correction of errors. In the district 
where employees are located, the attitude and action of each employee 
influence the reputation of the company. Every notice in the maga- 
zines and daily papers creates some impression — either good or bad — 
and the name of the company cannot be mentioned once without 
some influence being created which either helps or hinders the com- 
pany’s progress and success. Its contacts with its suppliers create a 
large sphere of influence, as well as the contacts with those who trans- 
port goods both purchased and sold by this firm. 

For a manufacturer building and selling industrial products, these 
same forces for creating favorable or unfavorable opinion exist, and 
are still further multiplied because usually both salesmen and dis- 
tributors are required in reaching the market, and their every word 
and act carries an influence. 

When we consider those companies which supply products or ser- 
vices required by a large number of people such as electricity, trans- 
portation, and communication services, the contact becomes most 
intimate. In such instances, the establishing of good will constitutes 
the most important factor in creating a favorable reputation. 

Some years ago the representative of a large potential purchaser 
appeared xmannounced at the office of an eastern manufacturer. Cer- 
tain impressions of the manufacturer had been created in this individ- 
ual’s mind which were definitely favorable to this particular supplier. 
Upon his arrival at the manufacturer’s reception room, he was treated 
in an officious manner by the attendant, and made to wait for an 
interview without being given any reason for the delay. He finally 
left without the interview, and eventually placed a valuable contract 
for equipment, desired by this particular manufacturer, elsewhere. 
After the difficulty was finally discovered, years passed and much 
expense was experienced before the manufacturer was able to re-estab- 
lish his good will. In the meantime, additional valuable business 
was lost. 

The reputation of an industrial company is relatively as valuable 
to it as the reputation of an individual to his own success and hap- 
piness. Consequently, the wise and well-managed company provides 
within its organization capable individuals who watch and guide mat- 
ters of public relations. Truthful information possessing news value 
is furnished to the various avenues which reach the public, and events 
which might appear harmful if improperly understood and interpreted 
are explained in sufficient detail to be completely understood. To be 
effective, such publicity must be truthful and also properly directed 
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as to the audience it reaches. Every major policy or project adopted 
by an industrial company requires study^ therefore, not only from 
the economic viewpoint, but also in regard to the effect that will be 
created in the minds of all whom the company, in the slightest degree, 
attempts to serve. 

Refeeence 

James W. Iewii^, Practical Viewpoint on Public Relations/' Industrial Mar- 
ketinffj January, 1939, p. 17. 
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STANDARDS AND STANDARDIZATION 

Nothing could be more false than the popular concept of stand- 
ardization as a strictly modern tendency. True it is that systems of 
standardization developed to so high a degree are due in no small 
amount to our modem mass-production methods. So far has this 
been carried that a hue and cry is sometimes raised lest the worker 
himself become standardized and reduced to a robot machine tender. 
But, actually, standards are as old as mankind. 

The origin of standards reaches back into the very dawn of his- 
tory. Our forbears, experimenting with their stone axes and spears, 
unwittingly set up cmde standards for the construction and perform- 
ance of weapons. With the formation of groups of people, rules for 
conduct and definite forms, sizes, and weights of articles for barter 
were soon found necessary to daily life. The family itself was a 
standard; speech, clothing, pictures, writing, religion, and division of 
time were all as truly a form of standardization as is the assembly 
line of a modern automobile factory. 

INDUSTRIAL STANDARDIZATION 

The thing that interests us even more than standards in general, 
and their evolution, is industrial standardization. Industrial stand- 
ardization involves ^ (1) making the techniques of the various manu- 
facturing processes as uniformly similar and as simple as possible; 
and (2) setting up a criterion for Judging materials used in these 
processes, and the quality of the resulting product. The first aspect 
has a tendency to prevent rnanufacturing inefSiciency and to promote 
engineering development, "the second encourages economy in the pur- 
chasing function and maintains the product's quality and imiformity. 

Standardization should not be looked upon as a static thing. Ad- 
mittedly, standardization usually brings with it a large measure of 

^R^erence: Standards are Set,^ Amertcan MacMimt, Jtme 29, 1938, 

p. 551. An inaght into the way one c5oinpany — ^the Chevrolet Motor Car Com- 
pwiy-Hsets its standards and the organizafcioE for doing so. 
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as to the audience it reaches. Every major policy or project adopted 
by an industrial company requires study, therefore, not only from 
the economic viewpoint, but also in regard to the effect that will be 
created in the minds of all whom the company, in the slightest degree, 
attempts to serve. 
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ardization as a strictly modern tendency. True it is that systems of 
standardization developed to so high a degree are due in no small 
amount to our modem mass-production methods. So far has this 
been carried that a hue and cry is sometimes raised lest the worker 
himself become standardized and reduced to a robot machine tender. 
But, actually, standards are as old as mankind. 

The origin of standards reaches back into the very dawn of his- 
tory. Our forbears, experimenting with their stone axes and spears, 
unwittingly set up crude standards for the construction and perform- 
ance of weapons. With the formation of groups of people, rules for 
conduct and definite forms, sizes, and weights of articles for barter 
were soon foxmd necessary to daily life. The family itself was a 
standard; speech, clothing, pictures, writing, religion, and division of 
time were all as truly a form of standardization as is the assembly 
line of a modern automobile factory. 

INDUSTRIAL STANDARDIZATION 

The thing that interests us even more than standards in general, 
and their evolution, is industrial standardization. Industrial stand- 
ardization involves ^ (1) making the techniques of the various manu- 
facturing processes as uniformly similar and as simple as possible; 
and (2) setting up a criterion for judging materials used in these 
processes, and the quality of the resulting product. The first aspect 
has a tendency to prevent manufacturing inefficiency and to promote 
engineering development. The second encourages economy in the pur- 
chasing function and maintains the product’s quality and uniformity. 

Standardization should not be looked upon as a static idling. Ad- 
mittedly, standardization usually brings with it a large measure of 

^Reference: Standards are Set,^ Amedcm Mfichirmt, June 29, 1938, 

p. 551. An inMght into the way one company — ^the Chevrolet Motor Car Com- 
pmiy— sets its standards and the organization for doing so. 
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inertia.^ Once materials and processes are standardized, drastic or 
sudden changes are immeasurably more diflScult. This is brought 
about by the time and effort that are involved in making a change in 
the specifications or standards of a material or process. Likewise, 
it costs money to change the standards, and this serves to prevent 
random, drastic, or sudden changes in existing materials. Many other 
factors enter in, and all make for a stability of existing standards. 
However, modem standardization is dynamic. The standards, once 
set, are not maintained intact ij changes are desirable. They may 
be changed, if it is found advisable, upon a thorough investigation, 
to suit better the product, the market, or the new processes. Indus- 
trial standards do not preclude change; they are set up in the best 
known way at the time, and are open to subsequent improvements 
as required. Standards are rarely inflexible, but permit variations 
that are sufficiently liberal for economic production, and yet stijf 
enough to maintain quality of the product. 

The highest form of industrial standardization is found in Amer- 
ica. Mass production of component parts to within five ten-thou- 
sandths of an inch tolerance is taken as a matter of course in many 
of the United States aircraft factories. Such accuracies permit abso- 
lute interchangeability^ of parts, which is something that European 
manufacturers have not, as yet, extensively attained. The impor- 
tance of this factor — ^interchangeability — can scarcely be overesti- 
mated. Complete interchangeability of parts has made the modem 
system of mass production possible. Only when component parts 
have been so completely standardized that they go together without 
any fitting is real mass production feasible.^ 

References 

Feank B. Jewett, “Some Fundamentals in Standardization,” Electrical Engineer^ 
ing, Febraary, 1938, p. 57. 

C. M. CoGAN and A. B. Smith, “Standardization Pays,” Electrical Manufacturing , 
May, 1938, p. 50. 


2 Consider how difficult it would be if we ifeere to change our standards of 
time, currency, weights and measures, and how great would be the initial ex- 
pense aside from the ultimate saving. 

3 It is inter®ting to note how interchangeability of parts has spread even to 
locomotive design. When a large Western railroad took delivery, in 1938, on its 
new high-eapacity locomotives for fast freight and passenger service, a dominant 
feature was the many parts which were interchangeable with those of previous 

^Tbe classic example of this is this incident regarding LeLand^s Cadillac c^. 
In the early days of automobiles, fThree cars were chosen at random from the 
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STANDARDS OT MATERIALS 

The standardization of materials purchased by manufacttiring 
companies simplifies the relations between supplier and buyer; it in- 
sures the buyer^s getting exactly what he wants; and it usually results 
in substantial savings to the buyer, owing to the reduction of grades 
and types of materials to be purchased. A successful plan for stand- 
ardization must, of necessity, be a compromise between factors that 
vary between plants of the same company and even between divisions 
of one plant. For instance, it may be that two separate plants have 
conditions of operation so different that raw materials meeting the 
rigid standards of one plant still are not sufficiently good for use in 
the other. The standards must, therefore, be set higher than re- 
quired at one plant in order to satisfy the other, if both are to receive 
materials under the same set of standards. Likewise’ it may be that 
one plant can turn out a product to much closer tolerances and of 
better quality than another. Here, it is readily seen that, if one 
standard is to be used for all products of this kind from all plants, 
the chosen standard must be the results of a thorough study of the 
conditions at each point of this standard's application. Otherwise, 
there will be much waste and rejection that may really not be 
justified. 

The usual tendency for those who engineer a structure is away 
from standards. This is readily imderstood, since it is easier for an 
engineer to develop a design when he has an unlimited choice of 
sizes and grades of materials to incorporate in the design. Yet, in 
the interests of economy and efficiency, a decidedly restraining influ- 
ence must be exerted on all inclinations toward unnecessarily varied 


warehouse of the Cadillac agency in London, the cars were taken to BrooHand^s 
track and completely dismantled and the parts were placed in one conglomerate 
heap. Duplicates from the stock of spares were substituted for 69 parts in the 
pile; then three complete sets of parts were taken from the main heap without 
regard to the cars from which %ey were originally taken, and three hew’ ears 
were assembled. The only toofi allowed were wrenches and screw drivers; no 
files or emery cloth. After being assembled, all of the cars were started with 
a few turns of the crank and were driven several hundred miles on the track.” 
SAJE. Journal, May, 1932, p. 37. 

This ^Teat” does not seem so tremendous to us today, but in those days it 
was accounted such an achievement that the Cadillac car was awarded the Dewar 
trophy for this very performance. Interchangeability is, in this age, largely 
taken for granted. Actually, it is a development that would have been deemed 
utterly impossible a few decades ago, and is one of the most remarkable features 
of standarfcation. 
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lots of materials.® Material standards are largely controlled by the 
design requirements of the finished product, and economy in pur- 
chasing and stocking.^ Many requirements must be met wholly, or 
in part, chief of which are: 

1. Furnishing sufficient sizes and grades to meet reasonable design 
requirement. 

2. Avoiding a superfluity of sizes and grades, or a deficiency of the 
same, in both cas^ in the interest of economy. 

3. Standards should be in compliance with trade practices in order 
that the materials may be procured at a minimum cost and with maxi- 
mum availability. 

4. A logical system for selection of sizes and grades in rational and 
economical steps. 

5. Coordination between the various plants or departments in large 
concerns, so that purchases may be lumped and stocks interchanged. 

Obviously, a system of standards designed to meet these points 
must be a compromise. 

Still further complications ensue from another essential require- 
ment of a good standards system — ^that of flexibility. A good system 
of standardization of materials will permit: 

1. Addition of new grades and sizes, should they be needed, according 
to some established plan. 

2. Dropping of superseded sizes and grades economically, with a 
miniiniun of loss of material and change of records. 

3. Simplification of grades and sizes already stocked. (Reduction 
of the amount of standards employed.) 

Economy studies must be made to determine whether or not it is 
economical to stock an additional size or grade of material. A com- 
promise between waste incurred due to large steps between sizes, and 


5 Reference : "Design is Simplified by Use of Standard Parts/* Walter Nichols, 
Machine Design^ September, 1&38, p. 21. 

®A producer of grinding wheek has pointed out that his company has 
standardized upon some 20,000 different grinding wheels, each standard covering a 
wheel differing as to shape or material. A laage share of these is carried in 
stock. When little sal^ movement is shown over a period of years for a partic- 
ular style, stock of that style is no longer carried, and individual customer re- 
quirements are met by bidding wheels for the particular order, at a material 
increase in cost. This illustrates the importance both of standardization and the 
economics of producing a ^ndard product for stock requirements, versus specially 
built equipment to m^t the requirements of an individual order. 

REfmUNCE 

“87 American Standards of Special Inters in Operating Manufacturing Indus- 
tries,” Indmirial StmdardSf March, 1^7, p. 78. 
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costs of stocking many sizes, has to be reached. The following ex- 
ample should show the variety of factors which enter into a solution 
of a problem of this sort: 

A storeroom in a certain plant carries in stock steel of 0.120-m. 
thickness. One class of apparatus being built in this plant requires 
steel of only 0.100-in. thickness. Would it be more economical to 
stock the thinner steel sheets, or should the thicker steel that is now 
stocked be used? 


In order to solve this problem, the plant manager must know the 
amount of activity expected, the storeroom costs in regard to stocking 
new material, the steel costs, and the extra costs, if any, incurred by 
using the steel of additional thickness. 

In this problem, the following will be assumed as representative 
data from which to work: 


Data on* Stocked Matejrial 


Thickness 0.120 in. 

Cost per lOO lb $2.00 

Storeroom costs None 

"Extra” costs ^ for working the thicker steel $020/cwt 

Waste due to extra unnecessary thickness 20 % 


Data on Nox-Stocked Matebiai. 


Thickness 

Cost per 100 lb 

Storeroom costs due to making the new material a stock item and 

stocking it for use 

"Extra” costs 

Waste 


0.100 in. 
$2.00 


$200.00/year 

None 

None 


Case 1. Assume an activity requiring the use of 10,000 lb. of steel 
per year: 

Using stocked material, 0.120-in. thickness, the annual costs are: 


Steel costss = (10,000 -{- 2,000)/100 X $2.00 = $2M1 

"Extra” costs == (10,000 + 2,000)/100 X $0.20 = 24 

# 

Total costs per year using 0.120^in. stocked material $264 


^ Extra expenses in cutting, drilling, and other operations involved due to the 
increased, unnecessary thickness, over and above operational expenses on the 
0.100 in. steel. 

® Although the yearly demand for steel is 10,000 and 100,000 lb. respectively 
in Cases 1 and 2, in using the unnece^arily thick steel, an additional 20 per cent 
must be added for the weight of the unneeessajy extra 0.020 in. in thickness, or 
2000 lb. in Case 1 and 20,000 in Case 2. likewise, "extra” costs must be figured 
on total weight of steel rather than demand weight, where -the thicker steel is 
being used. 
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Using non-stocked material, O.lOO-in. thickness, the annual costs 
are: 


Steel costs = 10,000/100 X S2.00= $200 

Storeroom costs per year to stock new material 200 

Total costs per year using 0.100-in. material $400 


It appears, then, that it is more economical by some $136 per year 
($400 — $264) to use the 0.120-in. material that is already stocked, and 
not put the O.lOO-in. steel in stock, despite the waste, provided that the 
activity is but 10,000 lb. per year. 

Case 2. Assume, next, an activity ten times that of the first case 
or one requiring 100,000 lb. of steel per year: 

Using stocked material, 0.120-in. thickness, the annual costs are: 


Steel costs 8 =z( 100,000 -f 20, 000)/100 X $2.00= $2400 

“Extra” costs = (100,000 + 20,000)/100 X $0.20= 240 

Total costs per year using 0.120-in. stocked material $2640 

Using non-stocked material, 0.100-in. thickness, the annual costs 
are: 

Steel costs = 100,000/100 X $2.00= $2000 

Storeroom costs per year to stock new material 200 

Total costs per year using 0.100-in. material $2200 


On activity of ten times that of Case 1, or 100,000 lb. per year, it 
appears much more economical to stock and use the new 0.100-in. ma- 
terial, since, with this activity, a saving of $440 per year is effected. 

Summarizing such a solution, it may be seen that apparently the 
storeroom charges for using the non-stocked gauge in Case 1 would be 
too great, in comparison with the amount lost by the excess thickness 
and extra charge, to make it a paying proposition to use the 0.100-in. 
steel. Therefore, the new gauge would not be stocked. 

In Case 2, however, the great activity results in so large a waste, 
due to excess thickness and extra charges, that the storeroom charges 
are overweighed, and it would therefore be advisable to stock the new 
gauge. 

This, of course, is one of the simplest cases that could occur in in- 
dustry. Many other factors might be considered in an actual problem 
of this sort which would complicate matters and make a decision more 
difficult to reach. Also, great care is necessary in determining accu- 
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rately those factors which have been considered. For instance, an error 
made in estimating the ''extra” charges incurred by using the thicker 
steel— that is, extra costs in the form of labor in cutting, drilling, and 
so on — could make our decision an inaccurate and worthless one. 

SPECIFICATIONS 

The use of specifications in purchasing is a modern development. 
The enormous expansion of industry in the past few decades has 
brought with it a corresponding increase in the variety of materials 
that must be purchased. It is no longer possible for a manufacturer to 
order merely "steel.” The grade and analysis must be specified to get 
steel best suited to the need. Similarly, a manufacturer who wishes 
some gears to incorporate into his product must specify the heat treat- 
ment, Brinell hardness, and similar standardized characteristics, as 
well as the familiar diametral pitch, number of teeth, and so on. 

To meet this changed condition, manufacturers now “buy on speci- 
fications.” Strictly speakmg, a specification is a definition of work 
that is intended to be purchased in relation to either materials or ser- 
vices. This means that the purchasing department of an existing con- 
cern must cooperate with the engineering and manufacturing depart- 
ments in preparing a list of all the qualities that must be possessed by 
the material or product purchased, as well as a list of tests that it must 
withstand. Such lists become "specifications,” and are recorded and 
used whenever a new supply of the material is bought. The entire sub- 
ject of purchasing is so broad and important that a chapter will be 
devoted to it later on in this book. 

In true industrial standardization, specifications themselves are fur- 
ther standardized and simplified. That is, instead of having as many 
specifications as there are types or varieties of materials, one standard 
specification may be made adaptable to various items, and hence the 
number of specifications written is reduced and simplified greatly. 
Sometimes, a purchase may involve a group of materials whereby a 
newly written specification may be eliminated by grouping and com- 
bining several existing standard specifications. Hence, by so eliminat- 
ing and consolidating non-essential specifications, their number can be 
cut down and subsequent savings made. Uniformity in form and 
structure of specifications, likewise, is important toward economy in 
the use of standards. 

Specifications may be put to a variety of uses, but all of them have 
to do with some form of standard practice. In the purchase of ma- 
terials, specifications serve to set up the requiremente of the material 
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SO that it will be certain to meet those standards which apply to it. 
Specifications are used often as a substitute for a sample where a pro- 
duct of certain exact characteristics is required, and yet no duplicate 
is available to serve as a pattern or sample. 

Since specifications go hand in hand with standardization, the for- 
mer being usually a definition of the latter, it is not difficult to see 
that, in many industrial transactions, the specification, if carefully 
written and clearly stated, is of just as much benefit to the seller or 
supplier as it is to the purchaser. True enough, the supplier of a 
product is held rigidly to that which he agrees to furnish the purchaser, 
but at the same time the rule works both ways and the supplier has, 
in the specification, a clear definition of the minimum which he must 
deliver, and hence he is relieved of any responsibility of going beyond 
this minimum unless he chooses to do so. This shows how very im- 
portant it is that both the writer and the recipient of a set of specifica- 
tions know exactly what is entailed before a transaction is consum- 
mated. 

It is well to mention, in concluding, those important points that go 
to make up a sound specification which is neither weak in its purpose 
nor too rigid in its requirements. These points are summarized as fol- 
lows: 

1. The specification must give, in full detail, the results that are to be 
obtained within the deiSned limits. This requires definition of type and 
qualities of materials to be employed, as well as definition of the final 
form and service expected of the product. 

2. The specification should be written in a clear and concise manner, 
so that detailed requirements can be clearly understood. 

3. So long as the results adhere to the requirements for the finished 
product, as set up by the purchaser, the specification should, restrict the 
supplier just as little as possible as regards his methods of procedure. 

Many standardized products are furnished in accordance with a 
specification issued and published by the supplier. The nature of the 
specification is, of course, based upon previous experience as to what 
numerous customers need. However, with the supplier applying to a 
given product a simple symbol of identification such as a style or type 
number, the purchaser can order in this way, knowing that in so doing 
he will obtain a product which the supplier furnishes according to a 
given guaranteed standard. 

See American MacMrdst, June 16, 1^7, p. 539, for a well-organized material pur- 
chasing specification as prepared by International Busine^ Machines Cor- 
poration, 
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SIMPLIFICATION 

The last topic prepared us, somewhat, for the idea of simplification 
in standardization. Simplification may be defined as the next step 
after standardization. It is the reduction of the number of standards. 
In many instances great savings ® have been made through the simpli- 
fication of types, sizes, and grades in the matter of standardization. 
Whether it be the number of varieties of a product that a plant pro- 
duces, or the varieties of some material it purchases, the reduction in 
number of types, sizes, and grades is all-important to economic proce- 
dure. 

Despite the evident advantages of simplification, it is uneconomical, 
and often unsotmd, if it is carried to the extreme. Should a new proc- 
ess or product or an improvement over an old one be found, the first 
thought would be to scrap the old. But a manufacturer who has thou- 
sands of dollars’ worth of the old product in his storerooms would think 
twice before doing anything so drastic. Many times a double stand- 
ard is set up temporarily whereby the old material or product is gradu- 
ally worked out, while the new is put into production and into stock. 
Even then, the problem is not ended — for how long should renewal 


^ A large electrical goods manufacturer found that, by standardizing the 1350 
varieties of washers used in his plants, 150 sizes would be sufficient. By this 
reduction, as much as $25,000 was saved each year. 

The same manufacturer saved approximately $50,000 per year by standardiz- 
ing the fabrics used for treated insulation. In the course of years, the greatest 
activity had centered on goods that were not market standards. By changing 
over, wherever possible, to market standards, this saving was realized. 

A manufacturer of motors and generators reduced the number of oil rings 
carried in stock from 220 to 50 sizes. In another organization, oil gaug^ were 
reduced in number from 72 to 45, contact screws from 203 to 98, and the variety 
of pins from 2631 to 1086— aU such reductions resulting in worthwhile savings to 
the manufacturer. 

One manufacturer of special machinery was uring more than 1100 different pins 
for securing cams on shafts. Another manufacturing company used 1000 differait 
varieties of miter gears for driving two shafts at right angles at a one-to-one 
speed ratio. The same company stocked five cylindrical pins of the same size, 
two of them nearly obsolete, two made up in job lots, and the fifth made up on 
an automatic screw machine at a cost of approximately one-fourth that of the 
job-lot pins. 

An excellent example, althou^ taken from the consumeris goods field, is 
that of the Campbell Soup Company which reduced the number of varieties df 
their products 89 per cent; and as a result the sales costs could be decreased 
73 per cent while overhead fell 80 per cent—but sal^ volume increased 600 per 
cent. (See E. L. Bowers and R. H. Rowntree, '^Economics for Engineers,” p. 63, 
McGraw-Hill Book Company, 1931.) 
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parts for an old product be stocked, in what quantities, and so on? 
Obviously, the answer differs with circumstances.^® 

But this factor of obsolescence or supersession is not the only one 
that gives rise to more than one standard for the same type of product. 
It may be that special sizes are warranted for a large activity. It 
often happens that requirements of a customer necessitate departure 
from existing standards. This might be true for equipment sold to the 
Army or Navy, where specifications usually require a much higher set 
of standards than is ordinarily called for by the commercial purchaser. 
Possibly the manufactiirer wishes to place the same type of product 
on the market in two or more different qualities. We are all familiar 
with this in the household equipment field and in the tires we buy for 
our automobiles. Sometimes, too, it is desired to set up several grades 
of a product below that grade which passes the main standards, and 
to sell these grades as seconds since they are yet quite usuable even 
though they are rejected from the first-class grade of product. Cer- 
tainly, standards would have to exist for these lower grades, just as 
for the first-grade product. Many times, in a large organization with 
numerous plants, local plant conditions vary so widely that more than 
one standard of materials, processes, or product is most economical. 

STANDARDIZATION OF PRODUCT 

Any attempt at standardization of product disrupts several well- 
defined and diametrically opposed forces. In fact, standardization of 
product was achieved only when it was brought forcibly home to the 
manufacturers that if they did not hang together they would hang sepa- 
rately, as regards the degree of catering to customers’ demands that 
each indulged in. 

For example, suppose that the owner of a small job shop decides 
he needs a 4-horsepower motor. He calls up local representatives of 
several motor manufacturers, and is politely but firmly told that he can 
obtain a 3- or a 5-horsepower motor, but not a 4-horsepower motor. 
The shop owner blusters around and complains that the manufacturers 
are all allied against him. They have formed an alliance to make him 

Consider a manufacturer of recording instruments. The design of the en- 
closure for some recording instrument is changed. Immediately standards are 
set up for the newly designed enclosure, but since many of the old-type en- 
closures are still on hand, the old standards are kept in force until all the older 
enclosures have passed into production — ^although part of the production is car- 
ried on with the new design immediately upon its inception. Furthermore, 
owing to a difference in mounting dimensions of the old and new instruments, it 
is nece^ry to furnish — ^and hence to maintain the standards of — ^the old-style 
enclosure for times when renewal of an enclosure is required for an old installa- 
tion whose mounting features will not permit change-over to the new enclosure. 
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buy only what they want to supply — ^they have formed a conspirac 3 > 
in restraint of trade. 

That is one force, then, that works against standardization — con- 
sumer demand. The consumer often attempts to play two suppliers 
against each other in an effort to obtain a special product. Twenty or 
thirty years ago, if any buyer had demanded a 4-horsepower motor, 
some manufacturer would very probably have designed and built one 
for him. Then if another buyer wished a 4%-horsepower motor, that 
too would have been added to the motor manufacturer’s line, and so 
on, ad infinitum. It is easy to see what an enormous and uneconomi- 
cal line would soon be built up. Each manufacturer would have a large 
number of odd ratings, all of which required expensive tooling, design, 
set-up, and other charges. The result would soon have been chaos as 
far as the list of ratings went, and either a very high price per motor 
or bankruptcy for the manufacturer. 

To counteract this tendency, the motor manufacturers soon discov- 
ered that they would of necessity have to agree among themselves as 
to the ratings of motors that would be offered for sale. A rational 
system of steps was worked out, based on one form or another of math- 
ematical series. Now all large motor manufacturers have standardized 
on prices, on ratings, and to some extent on performance. The agency 
that has accomplished this standardization program is the National 
Electrical Manufacturers Association, familiarly known as ^'Nema.” 

Still another force is always working against standardization; man- 
ufacturer’s initiative would be a good term for it. Every enterprising 
manufacturer desires to ^^get the jump” on competition. One of the 
simplest ways of doing this is by introducing a new rating, or size, or 
performance. To a certain extent this is desirable — ^it is progress. 
But, if carried too far, the result would inevitably be an uneconomically 
large line. 

Standardization is economically desirable. Only when a line of 
products has been thoroughly standardized can it be put into mass 
production. And only by mass production can goods be produced 
cheaply and in great quantities. Almost any technical product bears 
this out.^^ 

For instance, the modem automobile is turned out at a fraction of the cost 
of the early motor car, and is infinitely superior in performance and appearance. 
Most of us can recall the first “crystal sets” that retailed for $25. Now one can 
buy an excellent little portable radio that is immeasurably superior to the first 
hand-made sets, and that, being built by mass-production methods, sells for 
but a small part of the price asked for its predecessors. The electric refrigerator 
is right now in the process of being brought down in price by these methods of 
mass production. Even airplanes are beginning to ^ow the effect of greater 
volume of production. 
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Amusing situations occur when a manufacturer attempts to supply 
what the customer wants, and yet do so economically. An example 
with which the author has had personal contact is that of a large man- 
ufacturer of precision equipment. The demand for this type of equip- 
ment is such as to justify building six, and only six, ratings. Yet the 
customers demand approximately twenty ratings, and, if this manufac- 
turer is to get his share of the business, he must offer this number of 
ratings. He solved this problem very neatly by publishing a price list 
covering twenty different ratings, with prices graduated for each rat- 
ing. When an order comes in for one item, he selects the one, from the 
six that he has built, that conforms most closely to the rating the cus- 
tomer desires. The nameplate is engraved with this rating, and the 
customer is happy. Obviously, some units are thus sold below cost, 
this loss being made up on the units that show a large margin of profit. 

The diflSculty arises when the same customer orders two machines 
of slightly different rating, and pays a price differential of, say, $100 
for the higher rating. When he gets the machines, he finds that they 
are identical, except for the nameplate. Accusations fly, the customer 
insisting that he has been cheated. He does not realize that the situa- 
tion has been brought on by his own unrelenting demand for ratings 
too close together to warrant the extra costs of building different units. 

This situation will undoubtedly be remedied in a few years when 
the industry grows up and the activity increases. Then the manufac- 
turers will find it to their best interests to cooperate in standardizing 
the ratings to be built, and to agree that no other ratings will be offered 
for sale. But only when the manufacturers offer a united front can 
this be done. 

In selecting the sizes for a standard line, many factors must be con- 
sidered. A few of these are: 

1. Additional manufacturing cc^ of each added size or rating, due 
to tools, dies, Jigs, etc. 

2. Increased efficiency of a larger line, since each size will be closer 
to actual required rating. 

3. Added customer appeal of a larger line. 

4. Increased warehousing and similar expenses attendant to a larger 
line. 


PREFERRED NUMBERS 

Reference has been made several times in this chapter to the 
necessity for a logical series of sizes or ratings for use in standardiza- 
tion. One might naturally assume that the sizes would be chosen at 
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random by the designer. That is, the designers who first set up a line 
of, say, electric motors or light bulbs, would arbitrarily choose a num- 
ber of sizes or ratings that looked as though they would meet present 
requirements. Then, as activity in motors or bulbs increased, sizes 
would be added whenever the demand warranted it. 

Unfortunately, this was all too true. The engineer in one early 
motor manufacturing concern may have set up 1, 2, 7, 10, and 15 horse- 
power as their standard line of ratings. Another company's engineer- 
ing department might just as readily have set up 1, 3, 5, 10, and 15 
horsepower for their line of motors. Then when the demand war- 
ranted additional ratings, different manufacturers in all probability 
would choose additional ratings which were not exactly alike — but 
perhaps differing only by a fraction of a horsepower. 

And so we see that, in designing any line of a product that gives 
the engineers freedom in the choice of sizes, the chances are strongly 
against different companies choosing the same series. Unless there is 
some guidance as to what ratings or sizes should be selected, various 
lines will show a wide spread. The result is, obviously, the antithesis 
of standardization. To the purchaser who wants to compare prices or 
performance of such a product offered by several manufacturers, non- 
standardized lines are one gigantic ^^headache.” 

In recent years a movement has been under way in industry to set 
up a series of numbers whose usage would be preferred above all 
others. If such a series were to be widely adopted, a tremendous step 
forward would be made. It would create uniformity and interchange- 
ability with their attendant advantages. Such a series of pre/errcd 
numbers was recommended to industry for trial in practice by ihe 
American Standards Association in 1927. After study and revision, 
the system of “preferred numbers” was approved by the association 
in 19^. 

Preferred numbers are series of numbers which are to be used in 
preference to all others for the standardization of sizes, ratings, etc., 
of technical products.^^ Some of the applications for preferred num- 
bers are: 

Ratings of machinery and apparatus in such units as horsepower, 

Idlowatts, Mlovolt-aniperes, volts, amperes, gallons per unit of time, etc. 

References: “Proposed American Standard Preferred Numbers,” American 
Machinist, November 7, 1934, p. 773; “American Standard Preferred Numbers,” 
American Machinist, July 29, 1936, p. 665, August 12, 1936, p. 701. 

References: “Standardizing Sizes and Ratings,” R. E. Hellmund, Eleo 
trical Engineering, January, 1932, p. 14; “Standardization and Profits Aided by 
Preferred Numbers,” R. E. Hellmund, Electrical World, August 18, 1934, p. 20A 
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Linear dimensions of importance, such as diameters, lengths, widths, 

thicknesses, areas, volumes, and w-eights. 

Preferred numbers offer a logical and national series for standard- 
ization of such units. Preferred numbers are based on geometrical 
progression. That is, the first number of any series is taken as 10, and 
then the other numbers of the series are obtained by multiplying the 
first number or 10 by the constant factor for the series, which gives 
the next number following the base of 10, then repeating this with 
the resultant number for further numbers of the series. For three 
common series, the constants are derived as follows: 

For the “5” series, constant = == 1.5849 

For the ^TO” series, constant = -^10 = 1.2589 

For the ^'20” series, constant = ^ 11220 

Using the rules given for obtaining the numbers of a series, we 

see that the “10” series is calculated as follows: 

Base = 10 = first number of series. 

10 X 1.2589 = 12.589 or 12.5 as second number. 

12.589 X 1.2589 = 15.81 or 16 as third number. 

And so on, for as far as one may wish to go. 

For the “10” series, we therefore obtain a series of numbers or 
ratings in round numbers as follows: 

10, 12.5, 16, 20, 25, 31.5, 40, 50, 63, 80 

For the “20” series, the numbers progress thus: 

10, 11.2, 12.5, 14, 16, 18, 20, 22.4, 25, etc. 

All the above numbers are approximate to the theoretical series, 
none deviating more than 1.3 per cent. 

As previously mentioned, the series that have been set as the 
preferred numbers series are all geometric series; that is, each number 
is larger than the preceding one by a fixed percentage. Since the pur- 
pose of preferred numbers is standardization, it is important that 
these series be used. The following are the series that have been of- 
ficially approved and published as preferred numbers; 

“5” series, which provides steps of 60% each. 

“10” series, which provides steps of 25% each. 

“20” series, which provides steps of 12% each. 

“40” series, which provides steps of 6% each. 

“80” series, which provide steps of 3% each. 
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In the event that it is absolutely impossible to use one of these 
series, because of an undesirable rate of increase in each case, supple- 
mentary series, such as are listed below, may be used in addition to the 
basic series: 

Using every Srd step in the 5 series giv^ 300% steps. 

Using every 2nd step in the 5 series gives 150% steps. 

Using every Srd step in the 10 series gives 100% steps. 

Using every . . . step in the 5 series gives 60% steps. 

Using every Srd step in the 20 series gives 40% stej^. 

Using every . . . step in the 10 series gives 25% steps. 

Using every Srd step in the 40 series gives 18% stei^. 

Using every . . . step in the 20 series gives 12% stei^. 

Using every 3rd step in the 80 series gives 9% steps. 

Using every . . . step in the 40 series gives 6% steps. 

Using every . . . step in the 80 series gives 3% steps. 

It has been recommended that all new designs should be based 
on preferred numbers. If this is done, subsequent standardization 
by national agencies or industries will be facilitated, and loss reduced 
to a minimum. Much diflSculty with customers will be done away 
with if these numbers are used as a basis of all ratings and if every- 
one will cooperate in adhering to this rule. In many cases, however, 
where standards are already firmly established along other lines than 
the preferred numbers series, it may not prove economical to change, 
merely for the purpose of conforming to preferred numbers. But, as 
extensions are made to such systems, it is recommended that they 
be based on preferred numbers, so that eventually the preferred num- 
bers system will take hold and predominate. 

The purpose of these recommendations is to prevent the loss due 
to scrapped tools, dies, etc., where a national or industrial body caus^ 
all manufacturers of a particular product to revise all ratings in com- 
pliance with an adopted preferred numbers series. Even though pre- 
ferred numbers are very desirable, it is readily seen how extensive 
would be the losses, design changes, tool scrappage, and the like, if 
every manufacturer were suddenly forced to assume ratings based on 
preferred numbers only, if he now has a complete line built up on 
ratings which do not conform. The only logical way of introduction 
of preferred numbers is to change over gradually so that the change 
will not serve to disrupt unduly the business and activity of manu- 
facturers having established ratings not based on these series, and 
yet so that the series will eventually be 100 per cent predominant. 
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Important weights and dimensions should be preferred numbers. 
Addition and subtraction of preferred numbers does not usually give 
a preferred number, hence at least one diversion in interrelated values 
cannot be a preferred number. The multiplication and division of 
preferred numbers do give approximate preferred numbers, and hence 
if dimensions of a product are made preferred numbers, the area or 
volume will likewise follow preferred numbers. 

Choice of the series and the corresponding steps to be adopted in 
establishing a product line is usually a very complicated procedure. 
Such factors as economy, performance, and utility must all be con- 
sidered. If a small number of steps is used, then when the product 
is applied, in many cases, a larger size than is actually required must 
be used, which causes considerable waste as regards first cost, effi- 
ciency, and so on. Where costs increase but slowly with the size, 
this waste will not be so great; but where the opposite is true, the 
waste will be serious. The use of few steps is economical as regards 
tools, dies, set-up charges, stocks, and development, but lacks the 
appeal and efficiency of the larger line. Of course, no rule can be laid 
down to cover all products, the activity and nature of the product 
itself being the main determining factors. Ordinarily, in equipment of 
an electrical nature — and often it is equally true of other types of 
apparatus — efficiency is best if the machine operates at near its full- 
load rating, which means that if a line of few ratings is selected, some 
of the purchasers are bound to be operating their equipment at a 
point below maximum efficiency. All these facts must be carefully 
considered before deciding whether one^s line is to consist of few or 
many ratings. 

Preferred numbers are a very recent innovation in the field of stand- 
ardization. It has already attracted much attention and interest, and 
gives promise of spreading throughout standardization of technical 
products. Many large industrial concerns are using preferred numbers 
in designing new lines and revising old ones. It does not seem un- 
reasonable to expect that ^^standardization’^ will connote ^^preferred 
numbers” in the not-so-distant future, 

Eefebbncb 

Robins Elbming, '^ Treferred Numbers’ and the Civil Engineer,” Engineering 

Nem-Record, June 11, 1936, p. 846. 

STANDARDIZATION OF METHODS 

A product that has been standardized as to quality, and made from 
materials which have been bought on rigid standards, lends itself 
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readily to standardization of each step in the various processes of 
manufacture* Process standardization is the adoption of the most 
economical and eflScient method of performing each operation as dis- 
covered by previous experience. 

To F. W. Taylor goes much of the credit for process standardiza- 
tion. Little attention was paid to his concept of standardizing a day’s 
work, and his views were condemned as impractical. Taylor was the 
father of scientific management, and his summary made years ago 
cannot be improved upon now. In his paper entitled ''Shop Manage- 
ment/’ presented before the American Society of Mechanical Engi- 
neers in 1903, he stated: "The adoption and maintenance of standard 
tools, fixtures and appliances down to the smallest item throughout 
the works and ofiBce, as well as the adoption of standard methods of 
doing all operations which are repeated, is a matter of importance, so 
that under similar conditions the same appliances and methods shall 
be used throughout the plant. This is an absolutely necessary pre- 
liminary to success in assigning daily tasks which are fair and which 
can be carried out with certainty.” 

In modern industry, tools and equipment have been highly stand- 
ardized. With these standards as a basis, the time and motion study 
department has evolved data on which planning and standard costs 
are based. Each process to which a product is subjected has been 
studied, and a standard time set for accomplishing the process. The 
product has then been routed through each process in the most efficient 
manner possible, starting with the raw material and carrying it tiirough 
until it enters a packing case at the shipping gate. Everything that 
is done or added to the product has been standardized, and the cost of 
each step accurately worked out. 

With such a system in force, the quality of the finished product is 
likewise standardized. To insure this, the product is inspected as it 
undergoes each process, and must comply with predetermined stand- 
ards at the end of each operation. Such inspections require standard 
units for comparison, standard metiiods, and in many eases standard 
gauges and similar devices. 

Upon completion of the product, it is usually given certain 
to insure that its performance meets or exceeds certain standards. 
These tests insure that the product will operate properly and fulfill 
all guarantees of the manufacturer. Such tests are as fully stand- 
ardized as any of the previous operations made on the product, or per- 
haps even more rigidly so. On an electric motor, Ihe test may be for 
insulation, for temperature rise under load, or for efficiency and power 
factor. On a pump or fan, the test may ascertain whether the product 
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will deliver its rated load. Quietness of operation may be still an- 
other test of its performance. A new automobile may be given a severe 
road test along with efficiency tests on the motor, weather-resisting 
tests on the finish, etc. In a household electric refrigerator, the tests 
may be for speed of freezing, for safety and operation in case of leaks, 
and perhaps for quiet operation. 

All these methodical procedures in the manufacture of a technical 
product may seem somewhat of a huge undertaking, but when one con- 
siders the high percentage of products that are good enough to pass 
final inspection in our many industrial plants, he begins to see how 
this constant uniformity of procedure acts as a continual check from 
the beginning to the end of a product's manufacturing process and 
that only by means of standard methods can losses and waste be made 
negligible, as they have been in many plants today. Defects and 
other non-uniformities are often caught before the product has gone 
very far along the process of completion, and at a stage where they 
may be corrected, hence creating a substantial saving both in labor 
and materials. It is only by standardized inspection methods after 
each operation, however, that such defects and non-uniformities can 
be caught at their sources. 

One of the most important features of standard testing procedure 
is that it enables the comparison of products in many parts of the 
world. Only by bringing all products to a common testing location 
could such comparisons be made, were not standard procedures used. 
For instance, if a sample of steel in Los Angeles is to be compared 
in tensile strength with another steel in Pittsburgh, it is not necessary 
to send the two samples to a common testing place. So long as each 
test bar of steel is of exactly the same length, diameter, and design, and 
so long as similar testing apparatus is used to pull the bars apart in 
the two cities, the steel in Pittsburgh can be tested there and the Los 
Angeles steel can be tested in Los Angeles, and the results in pounds 
per square inch tensile strength can be compared with the assurance 
that the comparisons will be true ones. This is all possible only be- 
cause of a highly standardized testing procedure that makes it possible 
to duplicate testing conditions at both points of testing. The results 
will be uniform and comparable so long as standardized procedure 
is followed in materials, methods of manufacture, methods of inspec- 
tion, and methods of testing. 

STANDARDIZING BODIES 

Mention has already been made of “Nema,” the electrical manu- 
facturers^ organization. ^^Nema” is but a member body of the main 
standards organization of America— The American Engineering Stand- 
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aids Committee. This organization was founded in 1917 by a joint 
meeting of special committees from the American Institute of Electri- 
cal Engineers, the American Institute of Mining Engineers, the Amer- 
ican Society of Civil Engineers, the American Society of Mechanical 
Engineers, and the American Society for Testing Materials. 

The American Engineering Standards Committee was established as 
a central committee for engineering and industrial standardization. 
It has broadened its activities until, today, it is the official representa- 
tive of international standardization. It is primarily a body which 
formulates policies and also administers them. It does not delve into 
the technical side of standardization, but concerns itself with investi- 
gating the procedures followed by its sectional committees in the 
standards that they have formulated and are offering for approval. 

A “sectional committee^^ is formed and goes to work on a particular 
standard only when some responsible body formally requests it. Ad- 
visory committees are sometimes set up to study the need for standard- 
ization along various lines of industry, and to suggest subjects for 
standardization. Once a field for standardization is decided upon, 
the American Engineering Standards Committee names a sponsor of 
the project, and the sponsor, in turn, names the sectional committee, 
subject to the approval of the A. E. S. C. The sponsor takes full 
responsibility for the work done by the sectional committee. This 
sectional committee is composed of representatives from the bodies 
that are interested in seeing the particular standards set up. The 
American Engineering Standards Committee sees that the representa- 
tion is fairly distributed and that the members of these sectional com- 
mittees are authoritative. 

Three hundred and sixty-five organizations participate in the work 
of the American Engineering Standards Committee, among the more 
important national bodies being: 

American Electric Railway Association. 

American Institute of Architects. 

American Institute of Electrical Engineers. * 

American Mining Congre^. 

American Institute of Mining and Metallurgical Engmeers, 

American Society of Mechanical Engineers. 

American Society for Testing Materials. 

American Light and Power Bodies— EJEJ., A.EJ.C. 

Fire Protection Group — NJBP.U., N.F.PA., Underwriters’ 

Laboratori^. 

National Electrical Manufacturers Association.^ 

Society of Automotive Ekgmeers. 

Reference: 'TTema/’ D. Hayes Murphy, Electncal Mtmufactwring, May, 
1 ^, p. 45 . 
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Nineteen other countries besides the United States have estab- 
lished national bodies for standardization. Great Britain has a British 
Engineering Standards Association which corresponds to the American 
Engineering Standards Committee in the United States. Local com- 
mittees are to be found in Canada, Australia, South Africa, India, and 
New Zealand. 

Germany has a body known as the Deutscher Normenausschuss, 
which is made up of about five thousand industrial concerns and 
numerous engineering and industrial societies. 

Two international organizations that deserve mention are the In- 
ternational Electrotechnical Commission and the International Com- 
mission on Illumination. The former has done much in the line of 
setting up international symbols, units, ratings, and so forth; it has 
twenty-four members among the nations. The latter concerns itself 
with standardizing nomenclature and standards. 

The advantages of international standardization for units of meas- 
ure, weight, etc., as well as for nomenclature, ratings, and performance 
of technical products, are self-evident. The difficulties are manifold. 
Too often nationalistically minded groups demand that their own 
nation’s standards be accepted by all others, rather than that a true 
international standard be created. Any wholesale changing of stand- 
ards must needs come gradually; a revolution in standards would be 
costly, owing to the terrific obsolescence of old apparatus and units 
which could not be adapted to the new standards. 

Reference 

J. GAiLi^AEn, 'Tnteraational Developments in Standardization Work; report on 
I. S, A. committee meetings, Budapest, September, 1936,” Ind/astrial Stand- 
ards, December, 1936, p, 323. 
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PRINCIPAL ELEMENTS OF COST 
INTRODECTIOlSr 

When we analyze an industrial enterprise, we find a variety of 
costs necessary to its successful operation. Consider, for instance, a 
factory, and the bystander at once visualizes an outlay in expense for 
payroll to all employees, and for raw and semi-finished materials re- 
quired in connection with the articles finally produced and marketed. 

Less obvious to the bystander are those expenses such as taxes, in- 
terest charges, patents and royalties, rents, insurance, and employee 
benefits of all sorts. Finally, of a yet more hidden nature, one finds 
costs which depend upon the passing of time and change in markets 
and methods, which we call, in its various forms, depreciation. 

To illustrate all costs. Fig. 1 shows how, for the year 1937, each 
dollar received by a large manufacturer of equipment and machinery 
was divided as to items of expense. During this particular year a 
profit was made, a large share of which went to stockholders as divi- 
dends, and the remainder of which went into surplus account. Dur- 
ing the year, roughly one-third of each dollar received was used for 
paying employees, one-third for the purchase of materials and sup- 
plies, and one-third for other items of cost, including profits. 

If we examine these different items of cost, and consider how they 
will vary with the changes that take place in the volume of business 
done, we find that some items will have much greater variations than 
others. This has led to a segregation of cost items under the head- 
ings of “fixed costs” and “variable costs,” which, though not entirely 
accurate as we shall see, serves as a practical basis of classification. 
It is important to fix in &e mind of the reader that, in considering 
these various cost items, we refer not to variations in price per unit, 
but total cost to the company. 

Analyzing the cost items in Fig. 1, we find that the total cost of 
materials purchased will vary quite definitely with the volume of 
business done. The total cost of wages and salaries, constituting pay- 
rolls, will also vary, although less variation will occur in connection 
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with the size of the payrolls for engineering, sales, administration, and 
general, than for manufacturing labor. 

This particular company has no bonded indebtedness. If it had, 
interest would be distinctly an important item included in fixed costs. 





Manufacturing Payroll - 29.80 
Provisiofis for Dapreclation - 3.20 
Productive Materials and Supplies - 31.40 
Taxes- 5.70 


Royalties, Patents and Other Miscellaneous 
^ Costs- 1.60 


^ Dividends -7.40 

Engineering Payroll - 3.1 0 
^^1 Administrative and General Payroll - 2.30 
Freight and Drayage - 2.50 
Sales Payroll -3.70 


To Surplus - 1.90 


Rents, Insurance, Power Fuel and Water- 1.40 


Telephone, Telegraph, Postage, Office Supplies, 
Etc. -1.30 

Advertising. Catalogs and Other Miscellaneous 
Selling Costs -2.70 

■ Group Insurance, Annuities and Other Employe 
Welfare -2.00 

Figure 1 . How each dollar, received from the sale of products by a large 
manufacturer of equipment and machinery during 19 ^ 7 , was divided as to items 
of expense. 


If the reader will study each item of cost carefully, with the 
thought in mind as to how each item will vary with the volume of 
business done, a segregation can be made as follows: 

€o%U that are largely fixed: 

Taxes. 

Rents, insurance, power, fuel, and water. 

Group insurance, annuities, and other employee welfare. 
Royalties, patents and other miscellaneous costs. 

Interest, if any. 
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Costs that are largely variable: 

Freight and Drayage. 

Payrolls. 

Productive Materials and Supplies. 

Advertising, Catalogues and other miscellaneous selling costs. 

Telephone, Telegraph, Postage and Office Supplies. 

In this particular year, this conapany earned a return, part of which 
was passed on to the stockholders in the form of dividends yielding 
them an interest on their investment, and part was assigned to surplus 
to make up for losses experienced in past years and to help provide 
for such contingencies in the future. 

In this chapter, we will not include a discussion of the cost of 
paying employees, nor the cost of -materials and supplies which go 
into the product itself or those used in its manufacture. These receive 
attention elsewhere. We will devote our attention to those costs of 
production which, to a considerable degree, are hidden, yet are none 
the less important. 

THE EFFECT OF COSTS AND VOLUME ON PROFITS 

We have pointed out that there has been a marked increase in 
the necessary investment on the part of most industrial companies 
in productive equipment, and also a decrease in the labor required 
to produce a large volume of output, owing to mechanized processes. 
Obviously, these changes, when we consider variations in the volume 
of business, will have an effect on earnings since they have increased 
the fixed charges to a remarkable degree, further augumented by such 
items as increased taxes. Such changed conditions have brought about 
an increased instability of profits. 

Let us illustrate what takes place by comparing the effect of a 
variation in the volume of current business upon a manufacturing 
plant which is unmechanized, such as existed years ago, and a modem 
highly mechanized mass-production plant. Figure 2 shows the primi- 
tive or unmechanized plant, with little investment other than land 
and buildings; Fig. 3 shows the modem mass-production plant where 
the investment is largely in productive equipment with its correspond- 
ingly high fixed charges. 

In Fig. 2, the volume of business falls off, the total cost of labor 
and materials falls almost as rapidly, and the plant can continue to 
operate at a slowly decreasing profit under a very low load. 

On the other hand, from Fig. 3 we see that, although the highly 
mechanized modem plant earns a high profit when ru n n i ng at full 
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capacity, as the volume of work falls off this profit rapidly diminishes 
and changes to an increasing loss on account of the relatively high 
fixed charges. 

Instability is further engendered by the anxiety of management 
to avoid heavy losses by continuing to operate for the purpose of 
defraying as great a share of the fixed costs as possible. In this 
anxiety, there is a tendency to cut selling prices of the product, ac- 
cumulate large stocks of finished products, and adopt unbusinesslike 
methods in order to attract sales volume temporarily — in fact, any- 
thing that will avoid the company's entering the area on the chart 



Figuee 2 * Effect of coste and vol- Figuee 3 * Effect of costs and volume 
ume on profits in unmechanized plants, on profits in highly mechanized plants. 


* Based on charts by W. H. Bastall, Mechanical Engineering, March, 1932, and reprinted 
in “Marketing Industrial Equipment/’ Bernard Lester, McGraw-Hill Book Co., Inc., New 
York, 1935, p. 22. 


where losses mount so rapidly. Management feels that it cannot afford 
to shut the plant down on account of heavy losses, so it continues 
to operate to avoid as much loss as possible. 

In a study of these charts, the reader will note that much less 
labor for an equal volume output is required in the highly mechanized 
plant than in the unmechanized plant. Also, that the cost of mate- 
rials is usually less in the highly mechanized plant than in the un- 
mechanized one, although this factor will vary with the kind of product 
made. In the case of much of the machinery made from metal, in the 
highly mechanized plant where mass production takes place, detailed 
attention is given to economy in d^ign and the selection of materials. 
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For instance, punched parts may be substituted for cast parts at a 
great saving in material and cost when large quantities are required. 
Today, the designing engineer has at his disposal hundreds of alloys 
and plastics and complete information about each enabling him to 
apply them to his designs most economically. 

TAXES 1 

No expense has attracted more attention, on the part of industrial 
enterprises, during recent years than the subject of taxes. This has 
been not only because of the increase in variety and total amount of 
taxes, but also because of the increased expense that has been neces- 
sary to carry on the legal and accounting work required to determine 
the nature of taxes to be paid and provide the necessary accounting 
procedure to comply with all taxation rules. 

Taxes, chiefly, apply to property and are paid to government unite, 
such as municipalities, counties, and states; but also apply to sales, 
inventories, and profits, and include tariffs and payments for the sup- 
port of the national pension system. Each year has seen taxation 
more varied and complicated from the viewpoint of the industrial 
producer. No attempt will be made to analyze problems of taxation 
further, when we consider the many changes^ that are taking place. 

The industrial producer has not only been faced with paying taxes 
in greater variety and in greater amounts, but also with the costs 
of keeping abreast of tax legislation, keeping increasingly elaborate 
and more expensive records, and formulating tax reports. 

RENT AND INSURANCE 

Most large industrial enterprises own their own factory site, 
buildings, and equipment. As we consider smaller companies, we find 
that many of them rent both factory site and buildings. Ck)nsidera- 
tions as to the d^irability of location and faciliti^, and also business 
activity throughout the district, as well as the state and suitability of 
the building itself, determine the rental rates charged. The avail- 
ability of cheap labor, power, and transportation naturally affects 
rental rates, as do property values. 

^ See also Chapter III, page 85. 

2 In 1929, 12 per cent of our national income was spent for taxes. From 1933 
to 1937, 17.4 cent of the national income went for taxes. This change 
represents a 45 per cent increase, and manufacturing industries paid for a large 
share of the total tax bill. For instance, one large automobile company's as- 
certainable tax bill in 1937 was $104,959,000 as compared with $63,150,000 in 1935. 
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From the viewpoint of industrial management, the payment of 
rent is the same as interest charges, and also involves depreciation 
which the owner must naturally stand. 

The economic advantages of renting a factory site and factory 
buildings are these: 

Fenting is favored: 

Where the capital of the existing company is limited. 

Where manufacturing equipment and processes are simple, and re- 
quire little in plant equipment. 

Where the enterprise is more or less in the trial stage. 

Where there is question as to ultimate desirability of plant location. 

Where facilities are desirable for temporary operation, awaiting the 
completion of more definite plans. 

Some industrial enterprises furnishing a form of public service 
pay on an annual basis for franchise rights, which is simply a fee 
paid for exclusive rights to render service. 

Another form of rent is that paid by a mining company for lease 
of a property. The situation is somewhat different here, however, 
because as mining proceeds the supply of ore decreases, and those 
who rent do so for the single purpose of depleting the raw materials 
available. Great risks naturally occur, owing to common fluctuations 
in the price of mined products. 

The value of protection against loss by fire and other insurable 
hazards is so well recognized that few who manage industrial enter- 
prises fail to make use of it in connection with physical property of 
all sorts. Insurance rates depend upon a number of factors, such 
as location, construction, and moral risk. Often the property owner 
can obtain favorable rates by living up to certain restrictions and 
providing facilities which tend to reduce risks. 

PATENTS AND ROYALTIES 

Most companies providing technical products or services become 
involved, sooner or later, in matters relating to patents, licenses, and 
royalties. These usually relate to the product itself, or to processes 
of production, and have been treated elsewhere in this book.^ Where 
the company takes out a license and pays a royalty for the right to 
manufacture and distribute a product, or use a process, such royalties 
become a definite expense item. Usually such expenses are based upon 
an annual fixed sum, or upon the quantity of items produced, or 
both. 


See Chapter IX, page 240. 
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INTEREST 

Many industrial companies, to provide working capital, borrow 
money, usually from financial institutions. Commonly, such loans 
take the form of bonded indebtedness, long-term loans secured by 
notes and collateral,^ or short-time loans which may or may not be 
secured. Upon all of these, interest must be paid in accordance with 
the terms stipulated when the obligation occurs, the rate of which 
will be affected within certain limits by existing laws and by the 
financial integrity of the borrower. Interest expenses are, therefore, 
a fixed expense which must be met — otherwise the financial position 
of the borrower becomes adversely affected.^ 

EMPLOYEES' INSURANCE AND BENEFITS 

Many forms of protection and benefits are now furnished em- 
ployees, by most established industrial organizations, and the expense 
of these, in part at least, is borne by the employer. In some instances, 
laws for the benefit of employees provide protection and benefits, the 
expense of which must be borne, at least in part, by the employer. 
We find, therefore, that definite expenses exist, both of a compulsory 
and a voluntary nature, which must be met as an item of cost by each 
industrial enterprise, as fixed costs. 

DEPRECIATION AND OBSOLESCENCE 

Depreciation is a concept which we encounter in everyday life. 
Sometimes, depreciation strikes us very agreeably, for example, when 
we purchase an article that is “second-hand” or “shop-worn.” Such 
articles, we discover, have “depreciated’" in value simply because they 
have been used. Consequently, we can buy them more cheaply than 
if they were new. 

^ Collateral is aaytidiig of value which eaa be assigned to, and is acceptable 
by, a lending agency as security for a loan. It may consist of stocks and bonds, 
go^ in transit or storage, real estate mortgages, or an a^gnment of accounts 
receivable. Usually, in loans secured this way, the amount loaned is con- 
siderably less than the existing value of the collateral at the time the loan is 
noade. 

5 It is interesting to note that, as of Novenaber 1, 1935, there were $2,129,000,000 
in railway bonds in default of interest, or 15 per cent of the total railway funded 
ddbt. Public utility bonds in default totaled $673,500,000, and industrial bonds, 
$684,000,000. In 1^, the picture was much difierent, for railway bonds in de- 
fault totaled only $98,^,000, while public utility and industrial bonds in default 
were $235,900,000 and $64,100,000, respectively . — Wall Street Jmrmd data, Decem- 
ber 19, 1935. 
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At other times, depreciation is not so pleasant — especially when 
we try to sell the automobile which we have used for many years. 
We suddenly discover that even though our car will give many miles 
more service, no one will pay more than a fraction of its original price. 

If we ran our private financial affairs as does industry, automobile 
owners would consider depreciation as one item of cost in running a 
car. If we bought a car for $500, we should assume that each year 
it would depreciate or decrease in value by $100, and at the end of 
five years be entirely valueless. Hence, each year we would set aside 
$100 to form a depreciation reserve, and then, at the end of five years, 
possess the money with which to replace it with a new car. Or, if we 
wished to trade it in at the end of the third year, our depreciation re- 
serve of $300, plus the theoretical scrap or trade-in value of $200, 
would purchase a new car. 

To an engineer, in the study of economics, the principles which 
underlie depreciation in its various phases are highly important. It 
deals with var5dng values, elapsed time, known facts, and intangibles 
caused by outside influences. It applies to all industrial activity, and 
a practical consideration of it is necessary to the success of every 
enterprise. 

BEPRECIATIOK DEFINEB 

Some authors, when referring to industrial depreciation, define it 
simply as ^^expired capital assets/^ That is, a machine tool that is 
being used in an industrial plant is considered a capital asset. Each 
year, this machine loses some of its original value, owing to use or to 
the mere expiration of time. So, each year part of the assets of the con- 
cern “expire,’^ or become non-existent because of depreciation. Oc- 
casionally, a process is revolutionized or completely superseded by 
something new. Then the machines used in the old process may not 
be convertible for use in other processes, and hence depreciate to scrap 
value almost overnight. One of the most striking examples of this 
is in the automobile industry, where a radical change of body or 
other design renders thousands of dollars worth of tools worthless, or 
nearly so, in a very short length of time. 

Other authors define depreciation in slightly different manners. In 
general terms, depreciation means a deterioration, or a lessening in 
value. When applied more specifically to industry, it has been defined 
as ^^the loss, arising from years of service, in the value of the invest- 
ment in perishable property."^ 

^ From R. B. KesteFs ^^Depreciation,” The Ronald Press Company, New 
York, 1924, p . 5. 



CAUSES OF DEPRECIATION 


145 


Another author describes depreciation as the tangible or intangible 
loss in value which results from physical decay or from obsolescence 
or inadequacy. Still another definition is found in P. D. Leake’s 
''Depreciation and Wasting Assets” (Sir Isaac Pitman & Sons, Ltd., 
London, 1920, p. 1). It reads: 

In its true commercial sense, the word "Depreciation” means fall in 
exchangeable value of wasting assets, computed on the basis of cost ex- 
pired during the period of their use in seeking profits, increase of value, 
or other advantage. 

The student will see that this last definition, although conveying 
essentially the same meaning as the others that have been given, looks 
at depreciation from an accounting point of view. 

CAUSES OF DEPRECIATION 

Now that we have a working knowledge of what depreciation actu- 
ally iSj let us investigate the factors that cause a capital asset to 
expire or diminish in value. The fundamental causes may be con- 
veniently split up into three main divisions: 

1. Physical depreciation. 

2. Functional depreciation. 

3. Contingent depreciation. 

Physical Depreciation. Physical depreciation of a tangible asset is 
due to the wear and tear of use, to decrepitude or ^'old age,” and to 
the diminution of mass. The wear and tear due to operation is usually 
the potent factor, but, of course, this factor differs with the asset 
under consideration. The wear and tear to which a machine is sub- 
jected depend largely on the original design, the maintenance service it 
receives, the degree to which it is loaded, the skill exercised in opera- 
tion, and many similar factors. 

Physical depreciation due to decrepitude or natural decay aptly 
describes the famous "Deacon’s One Hess Shay” from the poem by 
Oliver Wendell Holmes. This is the most outstanding example of 
“natural depreciation” on record. But this tendency is noticeable in 
all industry. As H. R. Hatfield expr^ses it in his book, '^Modern 
Accounting” (D. Appleton and Co., New York, 1912, p, 121), “all 
machinery is on an irr^istible march to the junk heap.” 

The third factor mentioned as being sometimes responsible for 
physical depreciation was diminution of mass. This is included by 
many authorities, and actually is important in certain phases of our 
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studies. The diminution of mass is a phase of such wasting assets as 
mines, oil and gas wells, and the extractive industries in general that 
become depleted by the very nature of their use. Obviously, this 
demands an entirely different treatment from that accorded general 
industrial depreciation. 

Functional Depreciation. Turning now to functional depreciation, 
we find that this term covers inadequacy, obsolescence, supersession, 
and the acceptance factor. It indicates a decrease in the worth or 
the service value of an asset, due to these various causes. The asset 
becomes unable to perform its proper function for other reasons than 
those of physical failings. 

As an example of inadequacy, the machine or other asset becomes 
unable to fulfill the demands of a growing business or to meet changes 
caused by new developments. In this latter case, the asset is said 
to have been superseded. The rapidly increasing usage of a product 
will often necessitate supersession of the old machinery used in the 
manufacture,^ if the concern is to take advantage of the expanding 
market. Inadequacy may be brought about by such internal forces 
as changes in policy, engineering economy motives,® and unexpected 
expansion. The first cause, that of policy, is often the result of 
changed ownership, changed management, or mergers. As for economy, 
consider a small plant installed to meet the requirements of a young 
community or a new product. Even though expansion is anticipated, 
it may still be economical to start with a small plant that will be 
scrapped later on. An unexpected development may conceivably make 
an entire plant inadequate to meet the expanding demand. 

External forces frequently give rise to inadequacy. The public 
utilities are sometimes affected by legislation which requires them 
to make expensive changes in their distribution systems. Fire, sani- 
tation, and safety ® ordinances many times force the entrepreneur to 
discard equipment before it has rounded out its service life. 

An old New England company has built steam engines for many years. 
Steam turbines and internal-combustion engines have largely superseded this 
product. Specialized tools, dies, and fixtures for the manufacture of the steam 
engines are now obsolete. 

® A large automobile manufacturer in Michigan in recent years changed over 
its factory power system from direct to alternating current. A large number of 
direct-current motors had to be replaced; their value depreciated more rapidly 
than otherwise for there was no longer a use for them, and they had to be dis- 
posed of at a material sacrifice. 

» Many passenger and freight elevators and some classes of machine tools 
have had to be replaced, not because they were worn out, but because they pre- 
dated too great a risk to life and limb. 
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Obsolescence is another big factor in functional depreciation. It 
is brought about by external and internal forces similar to those men- 
tioned as causing inadequacy and supersession. Changes in processes, 
more efficient machinery, new methods of production — all these tend 
to make existing assets become obsolete. The obsolescence of some 
machine tools in the automotiye industry has been previously men- 
tioned. Obsolescence, in these examples, may be so great that it be- 
comes an appreciable cost factor. A $20,000 machine tool that has a 
service life of twenty years may become obsolete in five years because 
a better design becomes available. 

Changes in customer interests relating to appearance, as exempli- 
fied by form, color, shape, and finish, have done much to make previous 
designs of equipment obsolete. 

Contingent Depreciation* A third major cause of depreciation has 
been denoted by the word “contingent.” This term covers such events 
as those which have happened and may happen again — as well as those 
that are looked upon as being, to a degree, inevitable. Provision is 
usually made for these factors under the heading of “depreciation” 
in order that their costs may be more evenly distributed from year 
to year. 

Such losses may be due to accident, negligence, structural defects, 
or the elements. For instance, a machinery builder may, in the original 
design, fail to provide a sufficiently large bearing for one particular 
part of the machine. Machines thus built and put in service give 
abnormal trouble in this respect, and consequently must be depreciated 
more rapidly than otherwise. Or, again, the substation of an electric 
power company is flooded by imanticipated high water, or injured by 
fire, and a large share or all of the value of the equipment may be 
destroyed. 

Insurance premiums covering some classes of loss take ihe place 
of depreciation reserves in some industrial concerns. 

RATE OP DEPRECIATION 

No matter what the equipment may be, upon which one wishes to 
determine tiie rate of depreciation, certain factors such as ihme men- 
tioned must be carefully weighed in order to arrive at a logical and 
correct rate of depreciation. Not only is it most important to be 
able to recognize all the existing facts that contribute to the deprecia- 
tion of the equipment, but it is also important that we know what 
method of depreciating calculations we should employ for each par- 
ticular ease. 
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The accountant may set up his depreciation rates in line with 
any one of a large number of systems, as will be described in detail 
later in this chapter. In considering a factory building, the accountant 
may assume that a modern fireproof building will last 40 years, and 
consequently he charges off the depreciation on the building at the 
rate of 2,5 per cent per annum. For a machine tool, the rate of de- 
preciation is usually much greater, because there are more factors 
which may destroy value with the passing of time. We will mention 
a few of the factors that cause this variation in the rate of depreciation. 

Normal operating conditions have a close correlation with the rate 
of depreciation. Abrasive dust, for instance, in the atmosphere sur- 
rounding the machine may definitely affect its service life, as may 
temperature and humidity. Also the skill of the operator usually 
affects the life of equipment, as do the intensity and duration of 
operation. 

The repair or maintenance policy of the plant has much to do with 
the service life of machines and structures. A concern whose policy it 
is to make repairs only after a breakdown has occurred will experience 
a higher depreciation rate than one that follows a policy of making 
regular tests and inspections, and catches probable causes of failure 
before their occurrence. 

One further factor in determining the depreciation rate is versa- 
tility in the use of the machine or structure. If it can be adapted to 
another use after the need for the service for which it was originally 
intended no longer exists, the value of the machine or structure, in 
a measure, is preserved. 

Let us summarize the leading factors that influence the rate of 
depreciation of equipment. For a piece of apparatus, they are as 
follows; 

1. Operating surroundings, such as dust, dirt, vibration, and ex- 
treme in temperature and humidity. 

2. Continuity of operation, or the number of hours per day or week 

in which the apparatus operates. 

3 . Service factors,^^ such as severe overloads or unusual demands. 

4. The care and maintenance which the apparatus receives. 

Heat exchangers in refineries, and machinery in a coal mine, are snbiected 
to extremely severe operating conditions. 

During the World War, much madiine tool equipment used for making 
^elis received abnormally severe service and depreciated very rapidly. 
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5. The progress of the art as related to the type of d^ign^ which 
the machine represents; if improved machines become quickly available, 
the existing old machine loses its value more rapidly. 

6. The price level of new apparatus of a similar type. 

7. Changing nature of service required of the apparatus. 

8. Contingent risks applj^ing to the use of the equipment. 

Eefebences 

C. V. Castle, “Economic Obsolescence of Industrial Equipment,” Mill and Fao 
lory, January, 1938, p. 85. 

Paul T. Norton, Je., “Profits May Be Unreal if Depreciation Rates Are Inade- 
quate,” Iron Age^ March 9, 1939, p. 72. 

FURTHER DEFINITIONS 

Before going further into the subject of depreciation, which is of 
particular importance in our study of economics, there are several 
additional defi.nitions or concepts worthy of discussion and of conse- 
quence in the work that is to follow. Among these are effective, actual, 
and theoretical de'preciation; depreciation versus depletion; and repairs 
versus renewals. 

Frequently, several of these causes of depreciation which we have 
outlined may be at work simultaneously, but never is their effect 
cumulative. For example, it might be conceivably estimated that, 
on a certain asset, obsolescence will be complete in 15 years, inade- 
quacy in 13, and physical depreciation in 10 years. It is not diflicult 
to understand that, for such an asset, the physical factor is the effec- 
tive one, its estimated duration of 10 years being the ^^effective de- 
preciation.” 

Another term commonly used by engineers and accountants is 
actual depreciation. Actual depreciation is the difference betw^n the 
value of a piece of equipment or a structure when new and that at 
the pr^ent time. It is the decrease in value from the date of installa- 
tion to the present moment. And the value at the present moment is 
the amount for which it would sell to an existing market. 


^^Air conditiomng, as a class of apparatus, is quite new, and is undergoing 
continual improvement. Undoubtedly, much equipment that has been supplied 
will depreciate rather rapidly. This applies also to airplanes. Reference: “Quick 
Turnover of Equipment Brings Profits,” Frederick A. Smith, MiR and Factory, 
February, 1938, p. 54. 

Many types of machine tools for cutting metals became obsolete rather 
rapidly as it was discovered that the work they were doing could be done more 
cheaply and better by certain grinding machines. 
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Theoretical depreciation looks at an asset from the viewpoint of 
financing the depreciation. It is a concept with which the accountant 
is interested, since it concerns itself with financing the loss in value 
throughout service life of the equipment, rather than establishing its 
value at any point during its life. 

The curves of Fig. 4 show the difference between actual and theo- 
retical depreciation. Curves 1 and 4 show the actual depreciation; 
curves 2 and 3 show the theoretical. Curve 1 is the depreciation from 
the viewpoint of saleability; cimve 4 is from the point of view of 



Figxjke 4. Actual and theoretical depreciation. 

serviceability. The two theoretical curves represent various methods 
of calculating depreciation, as discussed later. 

The distinction between depreciation and depletion is a simple con- 
cept that is occasionally overlooked. Depletion is a form of deprecia- 
tion applicable to the extractive industries. A coal mine is depleted 
as the coal is removed from the veins. This asset cannot be replaced 
out of a depreciation reserve, and, once it is exhausted, the concern 
having to do with it is finished, unless, of course, another source is 
located. The difference between depletion and the depreciation of 
the capital assets of a manufacturing company is, therefore, quite 
obvious. 

One differentiation remains, and that is between repairs and re- 
newals, ^^Repairs^^ cover all current expenditures made frequently 
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on the upkeep of the capital assets without renewing any substantial 
part, and are usually calculated on an annual basis. On the other 
hand, “renewals” are expenditures incurred usually at longer intervals, 
and tending to prolong the life of the asset beyond its average length. 

SOME ASPECTS OF DEPRECIATION CALCULATIONS 

The calculation of depreciation may be approached from various 
angles, all depending on the objective of the study. The engineer 
making an economy study will, in all probability, regard his deprecia- 
tion calculations differently from the accountant who is keeping the 
books of the company. Depreciation, as a matter of financial policy, 
is vastly different from the study of depreciation for the valuation of 
the assets of a public utility. 

We find that it is necessary, in the study of depreciation calcula- 
tions, to take up the subject from four angles: 

1. Engineering economy studies. 

2. Accounting. 

3. Financial policies. 

4. Valuation. 

The critical use of depreciation calculations in economy studies is, 
to the engineer, the most important of these four approaches. It has 
innumerable complications and ramifications, and the best that can be 
done in this volume is to cite a few examples representative of the 
general trend. 

Engineering Studies 

In calculating depreciation, engineers often divide the first cost 
minus the salvage value by the estimated years in life. This is a 
simple method, easily understood. It leaves the question of interest 
out of the picture, which may or may not be a good thing. If the 
estimates of length of life and of salvage value are at all uncertain, 
this method will doubtless give as good results as the more complicated 
ones. 

Let us suppose that we are engineers considering the purchase of 
a $10,000 machine tool. We estimate its life to be 10 years and its 
salvage value $1000 at the end of that time. Let us plot this curve 
of depreciation, assuming that the annual depreciation will be equal 
to the purchase price, or $10,000 minus the scrap value — $1000 — ^all 
divided by the estimated life of the tool of 10 years. Our annual de- 
preciation is hence $900 and our tool depreciates in a straight line as 



152 


PRINCIPAL ELEMENTS OF COST 


in Fig. 5. But what will the efiSciency of this machine be over the 
10-year period, we might ask? If the eflSciency declines as rapidly as 
our theoretical depreciation, at the end of 5 years the machine will be 
a little better than 50 per cent efficient. Obviously this machine would 
be unprofitable, for it would need replacement in a few years before 
it passes, say, the 70 or 80 per cent mark. 

However, we all know that the average machine tool maintains its 
efficiency within reasonable limits until near the end of its service life, 
at which time the efficiency drops rapidly. We can plot, then, our 
machine efficiency as shown by the dotted line on Fig. 5. By this we 
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Figure 5. Theoretical depreciation 
vs. the efficiency of a machine tool. 

see that our efficiency and depreciation vary widely, and it would be 
profitable to use the machine for 9 or 10 years. 

The great objection raised to this method of calculating deprecia- 
tion is that it differs considerably from the actual depreciation. Curve 1 
of Fig. 4, page 150, shows actual depreciation from the standpoint 
of saleability, and we see that it is very great in the first few years. 
If the machine were sold at the end of the fifth year, a loss would be 
sustained. Although this is true, and will appear entirely unreason- 
able to us, the answer is that the engineer wants a quick method 
for calculating depreciation with an eye to the future replacement of 
the machine and not to its future sale. 
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Depreciation’ Accounting 

The method of depreciation we have just discussed, frequently 
termed the '^straight-line method,” is the most widely used of all the 
methods because of its great simplicity. Many others are familiar to 
those with an accounting background, and it seems wise to review them 
here. 

Accountants recognize four or more main divisions of depreciation 
methods. These are: 

1. Proportional methods. 

2. Uniformly diminishing amoimts methods. 

3. Compoxmd-interest methods. 

4. Miscellaneous methods. 

Proportional Methods. Under the proportional methods of cal- 
culating depreciation, we find, first of all, the "straight-line,” which 
has already been discussed and commended for its simplicity, al- 
though it was noted to depart from the actual depreciation curve. 

The "working-hours” method gives the life of the asset in working 
hours rather than years or months. Thus, a machine will be said to 
have a service life of 10,000 working hours rather than five years, this 
being the only difference from the conventional straight-lme system. 
It has the advantage of assigning the costs of depreciation more equit- 
ably to each unit of the product. It has the disadvantage of added 
complexity, and may not give a true picture if the machine is used 
for various operations with inequalities in upkeep, or if used beyond 
capacity for some operations. 

Another proportional method very similar to the working hours 
is the "service-output” method. Here ihe life of a machine or structure 
is in terms of quantity of output, such as cubic feet of air through 
an air filter. When applicable, this method may give the most equit- 
able allocation of depreciation cc^. It is rarely u^d in general in- 
dustry because of its complexity, but in respect to a mine, quarry, or 
other wasting asset, it is an invaluable method. 

The last proportional method is commonly termed the "composite 
life” method. Its distinction is the treatment of depreciation on the 
plant as a whole. The mean life of the plant is calculated by "weight- 
ing” the life of each asset to give a true average. Its complexity is 
manifest even to the uninitiated, and it is rarely used except as an 
occasional check on olher methods. 
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Rejuebence 

MAtJEiCE R. ScHAEFF, '^Depreciation Accounting Problems,” Edison Electrical In^ 

stitiiie BulUtirij December, 1937, p. 496. 

The Uniformly Biminisliing Amounts Methods, The proportional 
methods all calculated the periodic depreciation as a proportional part 
of a fixed basis value of the asset. The “uniformly diminishing 
amounts methods^’ differ from the proportional in that either the per- 
centage rate or the basic value varies for each depreciation estimate. 
If the percentage is fixed, the base is varying; and if the base is held 
constant, the percentage varies. The two subdivisions under this 
method are: 

1. The fixed percentage of diminishing value method. 

2. The sum of expected life periods method. 

In the first method, the fixed percentage of diminishing value, the 
depreciation rate is constant but the book value of the asset varies. 
That is, if the depreciation rate is set at 10 per cent and the initial 
value of the asset is $100, the depreciation for the first year becomes 
$10, leading a base value of $90. The second year shows a deprecia- 
tion of $9, with a new base then of $81, and so forth. Obviously this 
is an infinite series, and zero valuation will never quite be reached. 

Reduced to a formula, this method may be expressed as: 


i = 1- 

where d — rate of depreciation. 
n = length of service life. 


Scrap value 
Cost 


For example, let us calculate the rate of depreciation on the ma- 
chine tool previously mentioned that cost $10,000, had a service life 
of 10 years, and could be scrapped for $1000. 




-i 


$1000 

($ 10,000 

1 - 0.79433 


= 1 ^ 


= 20.57 per cent depreciation per year 


The ^^sum of the expected life periods method^’ holds the base fixed 
but varies the percentage. For example, an asset with an expected 10- 
year life like the machine tool above has a life term of 10+-9 + 8 + 
7-f-6-l-5-f4-l-3+‘2 + l or 55 years. Then the depreciation rate 
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will become 10/55 of 19000 for the tool above for the first year, 9/65 X 
$9000 for the second year, etc., until scrap value is reached at the end 
of 10 years’ life. 

These two methods have the great disadvantage of complexity, and 
are difficult to apply accurately. They put the greater depreciation 
charges in the earlier years, and thus approximate the actual deprecia- 
tion curve more closely than the proportional methods. 

Compound Interest Method. This method marks a radical de- 
parture from the previous two in that it uses compound interest to 
determine the amoimt of periodic depreciation. The two methods fall- 
ing in this category are: — 

1. Sinking fxmd method. 

2. Annuity method. 

The “sinking fimd” method calculates the sum of money which, 
when placed at compound interest, will accumulate to an amount 
equal to the total depreciation of the asset for the same period of time. 
To express it mathematically: 

r, (Cost— Scrap value) . 

-5 = jTzri * 

where S = the sum which must be put away annually. 

^ = interest rate. 

I = 100% + i 

n = service life of the equipment. 

Taking again the example we have been using of the $10,000 ma- 
chine tool and assuming an interest rate of 5 per cent, we calculate 
the annual sum which must be placed on interest in order to accumu- 
late an amoimt equal to the total depreciation of the a^et, or $90(X) 
in 10 years; 

^ ($ 10,000 ~ $ 1000 ) 

^ 1.0510 _ 1 X 

S = $715.42 per year 

This method is to be preferred to a haphazard depreciatiori system, 
since it will write off the depreciation during the life of the a^et. 
Much is claimed for it in the way of equitable distribution, but some 
authorities discount these supposed advantages. 

The ^ ^annuity’ ^ method adds, to the sinking fund method^s periodic 
depreciation charge, the inherit on the periodic appraised value of 
tibe asset. This is in effect charging the product interest on the capital 
inv^ed in each asset. Ite object is to determine a periodic charge 
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to cover not only depreciation but also the interest which has been 
added to the value of the asset during the same period. 

Mathematically, the annuity method is expressible as follows: 

^ _ (Cost X — Scrap value) ^ 

where Dp is the periodic depreciation charge, and the other symbols 
are as previously noted. In the example we have carried through by 
all other methods, this charge becomes: 

($10,000 X 1.0510 - $1000) , 

1.0510 - 1 

Dp = $1215.42 

which is the amount that must each year be allowed in order to give 
a return of 5 per cent on the existing investment and at the same time 
reduce this investment to scrap value at the end of 10 years. It can 
readily be seen that, since the investment gradually comes down, the 
interest earned hence also decreases, with the result that the theoretical 
depreciation increases year by year. 

This method has the same criticisms as the sinking fund method. 
In addition, the principle of charging interest on the depreciated asset 
has been roundly condemned by many authorities. 

Miscellaneous Methods. There are several other methods which 
are so rarely used as to make them scarcely worthy of mention. None 
of them is satisfactory in general industry. 

One such method is the ^‘maintenance^’ method which charges off a 
periodic amount for depreciation that is equal to the cost of main- 
tenance for the same period. It thus gives an irregular depreciation 
charge, and is theoretically unsound. 

Still another method, the “appraisal” method, deposits the dif- 
ference between physical appraisals at periodic intervals as the de- 
preciation. Its weakness lies in the impossibility of making accurate 
appraisals at such short intervals as one year. 

The last miscellaneous method is that of “gross earnings.” In this 
method, the depreciation estimate is based on the period’s gross earn- 
ings. In theory, the method is xmsound, although in practice it is 
occasionally workable. 


Hefesibncb 

CAnowBUi, ''What a Shop Executive Should Know about Depreciation,” 
Machinery, November, 19S7, p. 166. 
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appraisal of VARIOUS METHODS OF CALCULATING 
DEPRECIATION 

There is no one perfect method of calculating depreciation. The 
choice depends on the purpose of the depreciation study, the asset 
under consideration, the engineer or accountant, and other factors. 
Some authorities say that a depreciation system should approximate 
the actual depreciation; i,e., the heaviest depreciation should be in 
the early years of the service life of an asset. They claim that this 
is true, since repairs are greatest in the later years of the asset^s life. 



Figure 6. Results obtained from the vari- 
ous methods of calculating depreciation. 


and hence the depreciation charge should be lighter then in order to 
keep the charges constant. If this is so, such methods as the straight 
line will place an unjust burden on the latter years of the life of an 
asset. 

Generalities are impossible. In some cases, simplicity is the gov- 
erning factor; in others, conformity to the actual depreciation curve. 
When choosing the method of calculating depreciation, the engineer 
must know the advantages and disadvantages of the various meihods 
so that he can apply the one that b^t fits the circumstances. 

From the four curves of Fig. 6 we see the results, as actually cal- 
culated, by each of the more important depreciation methods. This 
figure serves as a guide in determining which method to choose in any 
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particular case. It will be noticed that these curves are all on a 
basis of a life expectancy of the equipment of 10 years, and a salvage 
value at the end of that time equal to 10 per cent of the original cost. 

Reference 

E. A. Saliebs, '^Inadequate Depreciation Methods,” Accounting Review^ Septem- 
ber, 1937, p. 303. 


FINANCIAL POLICIES 

Thus far, we have been concerned with what depreciation is and 
how it may be calculated in a number of different ways by both en- 
gineer and accountant. But just as important as determining the rate 
of depreciation is the provision that a company makes to take care of 
depreciation. The engineer frequently fails to distinguish between a 
depreciation ^teerve’^ and a depreciation and becomes con- 

fused as to the way depreciation appears on the plant ledger. 

The confusion between reserves and fimds is widespread. Some- 
times these terms are used not only loosely, but even interchangeably. 
In the face of this, it is wise for us to get the distinction firmly in 
mind. 

Accoimting practice holds that assets must be maintained intact, 
for the good of the enterprise. Hence, funds for future replacement 
must be set up out of the income of the business. The depreciation 
reserve is an indication of the sum that is necessary for such replace- 
ments, and prevents the distribution of this sum as profits to the stock- 
holders. But the depreciation reserve does not actually set the money 
apart and earmark it. That must be accomplished by distinct entries, 
known as the depreciation fund. 

Thus, we see that the depreciation reserve retains sufficient fmds 
to take care of depreciation, but does not set these funds apart to be 
used for any specific purpose. If the company desires a distinct fund 
for depreciation, a sum of money set apart for the one purpose only, 
then it must credit cash as an additional step, and charge the deprecia- 
tion fund with the amount of the fund. This sets up a special account 
that is for depreciation only. 

The manner of entering depreciation charges on the books is an 
entirely different matter from the methods of determining it and the 
theories behind these methods. At the close of each fiscal period, de- 
preciation charges are, by some companies, manipulated to remedy 
any discrepancies between the book accounts and the actual valu^. 
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The way in which the asset will be depreciated is dependent on the 
nature of the asset itself.^^ 

The manner in which these charges appear on the books can be 
summarized thus: 

1. The book values are written down to the actual values, carrying 
over the amount w^ritten off to the profit and loss account, and 

2. A fund is provided to replace the assets as they wear out. 

A company which is in the throes of expansion would probably be 
unwise to set up a depreciation fund, for this would mean the invest- 
ment of money at low interest rates, and then borrowing money at a 
presumably higher rate of interest to finance the expansion. 

Actual practice differs among large American industrial concerns. 
Few carry special depreciation funds, although many show deprecia- 
tion reserves as liabilities or as deductions from assets. The creation 
of depreciation funds has been rejected by the Interstate Commerce 
Commission as being unsuited to railroad accounting. 

A recent trade-paper article by a machine tool salesman throws 
an interesting sidelight on this. This particular salesman had been 
working unsuccessfully to sell his line of machine tools to an industry 
notorious for its antiquated shops. All the concerns he visited carried 
a depreciation reserve on their books and acknowledged the importance 
of maintaining their assets intact. But the executives of these com- 
panies — all to a man — ^swore that the book entries for depreciation 
were mere figments of their accountants^ imaginations, and that there 
was no actual cash available to replace the obsolete machine tools. 
Consequently, few sales were made because no funds were available, 
although the books of many companies indicated differently. 

Beference^ 

"An Eye to the Depreciation Reserve,” Engineering and Miring Journal, April, 
1937, p. 178. 

W. P. Kire:, “The Purchase of New Machinery and Equipment,” Society for the 
Advancement of Management Journal, September, 1937, p. 154. 


For instance, a company manufacturing metal parts which required electro- 
plating and then buffing, found that electroplating equipment manufacturers had 
suddenly put on the market plating machinery which plated the^ parte with a 
bright finish. The buffing machines were no longer required, and so were dis- 
pc^d of at a heavy sacrifice long before they were worn out. This represented 
a loss, for they were sold at less than the depreciated value, and consequently 
had to be charged off on the company books. 
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DEPRECIATION AS A FACTOR IN VALUATION 

Thus far, we have viewed depreciation as a basis by which we 
can retire machinery or structures and get new ones in their places. 
There is still another phase of depreciation that is just as useful and 
just as important, however, and that is the use of depreciation in the 
field of evaluation of property, equipment, and industries. 

The engineer often finds himself up against the problem of evaluat- 
ing business concerns of various types — ^from public utilities to ice- 
cream factories. The purpose of these evaluations may be any of the 
following: 

Rate maMng for public utihties. 

Purchase of an industrial property or public utility. 

Taxation of an industry or utility. 

Capitalization of an industry or utility. 

The problem of valuation is one of the most difficult and bewilder- 
ing ever to confront the engineer. There is considerable diversity of 
opinion among engineers, accountants, and business men as to what 
constitutes a fair valuation. There have been many court decisions, 
some of them conflicting, as to what factors should be considered in 
evaluation of a public utility — ^the railroads being a great ^^problem 
child.^' For instance, today we may hear that the total valuation of 
all the American railroads is 26 billion dollars, while again tomorrow 
we may hear, from just as reliable a source, that this valuation is now 
15 billion dollars. 

A good many years ago, a traction company was organized in a 
certain small eastern city to build and operate horse-car lines. The 
company was conservative and sound, and kept its property in excel- 
lent condition, by systematic maintenance. With the advent of the 
electric trolley, the horse-cars were scrapped and new electrical equip- 
ment installed, but in time the even keener competition of the gas bus 
had made the operation of the trolley cars unprofitable. The utility 
saw bankruptcy ahead, so they employed an engineer to evaluate their 
property. He did this, first by taking the original cost of the property, 
depreciating it, and then correcting for price level; and secondly, by 
estimating the cost of reproducing the existing property. Armed with 
this impartial survey of their assets, the traction company's officials 
offered to sell their property to the municipal government at the en- 
gineer's evaluation. The municipal fathers laughed at the offer, and 
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said they would not take the property if it were gwen to them. This 
seemed an unreasonable attitude, since the rails, roadbed, overhead 
lines, and rolling stock were all in excellent shape. But the traction 
company was unsuccessful in its attempt to find a buyer, and eventu- 
ally the company was forced to spend $10,000 to have the tracks 
taken up and the streets repaved. 

This story of an actual happening not so long ago is an excellent 
illustration of what the engineer is up against in evaluations. It must 
always be kept in mind that, in evaluation work of any kind, there is, 
first, the problem of physical property evalution, and secondly, the 
problem of intangible factors, such as future earning power. 

Physical property may be evaluated by several recognized methods, 
which are: 

1. Cost of reproduction method. 

2. Cost of reproduction less depreciation method. 

3. Original cost method. 

4. Original cost less depreciation method. 

5. Original cost less depreciation corrected for price level method. 

A study must be made of the many intangible factors that may or 
may not be reducible to a dollars-and-cents basis. It was these intan- 
gibles in the case of the traction company that threw the calculations 
completely out of reason. These intangibles may be: 

1. Intangible property franchises, patent rights, trade marks, and the 
like. 

2. Changing rates of return in the investment, brought on by such 
external factors as : 

Changing availability of other forms of service. 

Competition in the same form of service. 

Obsolescence due to new processes and revolutionary changes in 
the industry or service. 

All these factors and many others must be considered in making a 
correct valuation of any industry. Many industrial concems can be 
fairly evaluated without considering anything but the tangible prop- 
erty. In rate making for a utility, the intangible factors are so im- 
portant and so difiicult that no arbitrary method can be set for eval- 
uating. The many court decisions handed down on the evaluation of 
railroads, from the case of SmyiJi vs. Ames (169 U S 466) on down 
to file present, form interesting and at times entertaining reading. 
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CHAPTER VII 


STATISTICAL AND ACCOUNTING METHODS 
INTRODirCTION 

In this chapter, we are going to consider business statistics and en- 
gineering statistics, as well as established statistical plans for future 
performance, which we term budgets. 

Statistics are necessary to all forms of efficient procedure, whether 
such procedure relates to economic or technical decisions. Unless such 
procedure is based upon facts which are reliable, related to the existing 
purpose, and arranged in such a way as to be useful, no dependence 
can be placed in results to be obtained, or plans based upon such re- 
sults. 

Business statistics embrace all matters relating to economic per- 
formance: bookkeeping, balance sheets, cost records, statements, and 
all classes of business records. We can well imagine how purposele^ 
it would be if no business data were available upon a manufacturing 
enterprise or a construction project. No information would be availa- 
ble to show whether profits or losses occurred, and nothing at hand 
upon which to base subsequent plans and action. 

Engineering statistics relate to technical performance of a product 
or service. One can well imagine how futile the work of a designing 
engineer would be if he had no data upon which to base a design, a^ 
no performance records upon designs which he had created- 

In the study of this chapter, careful attention should be given to 
the two classes of statistics elaborated upon— business and engineer- 
ing — and the similarities and differences of the two should be noted. 
The evolution of engineering statistics has been interesting but com- 
plex, but the fundamentals are not difficult to grasp if the real purpcNse 
of engineering statistics is kept in mind. 


BUSINESS STATISTICS 

The Need for Statistics and Data. Business statistics are nec^sary 
today for every phase of activity of an industrial enterprise. With the 
profit motive dominant, the fundamental purpe^es of business statistics 
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are to show an existing condition of profit or loss, and also to furnish 
data upon which to base operations which will lead to increased profit. 

In illustrating the importance of business statistics to a going con- 
cern, let us consider a few cases where business statistics assume vital 
importance. 

One manufacturer builds and sells four different classes of product, 
all of which are well established. They are not closely related to one 
another, in respect to the purchasing market or to process of manufac- 
ture. Upon the basis of several years of operation, reliable statistical 
information indicates that one of the lines of product shows a consistent 
loss, though the operations of the company, as a whole, show a profit. 
There appears to be little opportunity for expanding the volume of 
business for this particular product. After due consideration, the man- 
agement of this company decides to discontinue the manufacture of 
this particular product. With the added factory facilities and greater 
opportunities for concentration, this company is able to make a greater 
profit on each of the three remaining lines of product, and thus make a 
larger overall profit. Without defimite statistical information upon 
operations and markets relating to the particular product which was 
dropped, it would have been impossible to reach this decision in an 
intelligent way. 

The management of another company is impressed with its low 
profits and, on the basis of statistical information upon the ratio of 
the value of products made and capital necessary, is further impressed 
with the fact that this capital is not turned over with sufficient fre- 
quency. By speeding up the entire process of manufacture, and carry- 
ing less inactive finished stocks, it is found that more business can be 
done with less capital, thus increasing the percentage of profits on the 
business done by a more rapid turnover in capital. Such a change fol- 
lowed a decision which was based upon accurate statistical information. 

One company, building and selling a variety of types and sizes of 
machinery, found that it cost an average of $3.50 just to handle the 
paper work necessary to enter an order in the factory. Many small 
orders came in for simple repair parte valued at only a few cents, each 
one of which cost much more to handle than the value of the order 
itself. With this statistical information available, it was decided to 
establish a minimum billing price of $1.00 upon each order, which 
eliminated a share, at least, of the existing loss on small orders. Fur- 
ther examination of statistical data on various items of cost led to 
establishing lower prices upon a quantity of duplicate items when or- 
dered and shipped at one time. 
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Thus, in every phase of activity within a business organization, 
statistical information is necessary if wise decisions are to be made. 
The problem before any organization, however, is to determine what 
statistical information is essential and what can be dispensed with in 
the interests of economy, for frequently the collecting and maintaining 
of elaborate statistical information has, in itself, become a costly and 
burdensome matter. 

A detailed consideration of the accounting methods used in busi- 
ness enterprises constitutes a course in itself, and is far too broad to 
be included in this book. The importance of a knowledge of business 
statistics to the young engineer can scarcely be overestimated, however, 
and for that reason this chapter will show the information that a com- 
petent accounting system can furnish, and the limitations of such data. 
The really vital point is that the student engineer may gain a critical 
understanding of accoimting, the need for it, and its possibilities and 
weaknesses as a basis for engineering analysis. 

When business units were small and cash was demanded with each 
purchase, detailed records were unnecessary. Even today, many one- 
man. establishments come under this classification. But, with the 
greatly increased size and complexity of modem business enterprises, 
numerical records have become an absolute necessity. And, although 
accounting records have developed to the point where they are indis- 
pensable, the business man now feels the need for even further data 
than the dollars and cents records in his books. 

The growth of business has brought with it tremendous quantities 
of data and figures which are necessary to measure the output and 
efiSciency of the business imit. With this increase in size of the indus- 
trial units, the data become so complex and all-embracing that the de- 
termination of the actual significance of all these figures becomes in- 
creasingly difficult. Many authorities believe that this very factor is 
largely responsible for the operation of the law of diminishing returns 
after the business unit reaches a certain size. 

To enable the executives of busine^ concems to make the maximum 
use of cost records, sales records, market analyses, and so forth, a quan- 
titative method not restricted to any single type of mensuration had to 
be evolved and adapted. It was found that the methods followed for 
many years in scholarly studies for the condensation and analysis of 
data would serve very well for, engineering, business, ^ and industry. 
This subject of statistical methods and ttie presentation of data is a 
broad one, but an attempt will be made to introduce the fundamentals 
to the engineer. 
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The statistical methods now used in business have not arisen from 
business itself. These methods have long been known and applied in 
economics, psychology, sociology, and the natural sciences. Of recent 
years, they have been taken from the academic realm and adapted to 
the peculiar needs of business. Statistical methods have become indis- 
pensable in the operation of large merchandising units, and in dealing 
with the data on traffic required by railroads and other traction com- 
panies; and they are the veiy foundation of life insurance companies. 
They underlie scientific management and the sampling theory that is 
so necessary to the quality control of technical products in manufac- 
turing establishments. We shall learn more of quality control later in 
this chapter. 

The data used in business statistics come from various sources. 
Many of them are taken directly from the accounting records of the 
individual business. Some of them often come from an outside agency 
such as the government, which collects the data and disseminates them 
in various publications.^ In some cases, a trade association gathers 
data from all members, and then gives the assembled figures to each 
individual member. In many cases, the data must be collected by the 
investigator, through study schedules filled out by personal canvasses, 
or through mailed schedules. The data thus obtained are tabulated 
and arranged to tell their story in the most vivid form possible, many 
times being compiled in graphic and chart form. These data are then 
analyzed, and an attempt is made to draw from them unbiased and 
logical conclusions. 

There is a growing tendency for such statistical work to be used in 
forecasting business conditions so that the entrepreneur may determine 
his policies sufficiently far in advance. John R. Riggleman and Ira N. 
Trisbee, in their book “Business Statistics,” cite several of the many 
cases that have proved the practical value of statistical work in this 
connection. For example, the American Telephone and Telegraph 
Company bases its plans for the future on its statistical analyses. The 
Dennison Manufacturing Company refused to be swept along in the 

student in search of statistical information will find it very helpful to 
consult the ‘Condensed List of Publications,” issued by the United States De- 
partment of Commerce, Bureau of Foreign and Domestic Commerce, United 
States Government Printing Of&ce, Washington, D. C. This pamphlet lists timely 
and recent publications of the Bureau of Foreign and Domestic Commerce, relat- 
ing to statistical information of all kinds, gathered by the government. 

All publications listed will be available for examination at any of the district 
or cooperative branch offices of the Bureau. District offices stock these publi- 
cations for immediate delivery; most of the cooperative offices do not stock 
publications for sale but will take orders for them- 
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general expansion of 1920, and as a result came through the depression 
of 1921 at 96 per cent of normal The American Eadiator Company 
likewise lays plans according to its statistical analyses, and for the past 
thirty years has increased inventories and expanded during slumps, and 
liquidated at the high prices of prosperity peaks. Numerous other ex- 
amples could be mentioned, but these suffice to show the growing ac- 
ceptance of statistical analysis as a practical guide to business policies. 

Methods of Accounting, We shall now make a brief review of 
methods of accounting. The most elementary type of accounting is 
known as the single-entry bookkeeping type. Although long anti- 
quated in large establishments, it is still used in some small mercantile 
houses where the keeping of accounts with creditors and with customers 
is all that is necessary. 

The modern system of bookkeeping is known as the double-entry 
method. It purports to answer the two most vital problems that con- 
cern every business executive, namely: 

1. Whether the business concern has shown a profit or sustained a lo^ 
during a stated period of time, and how much? 

2. At any given moment, what is the state of the business concern 
as regards liabilities and assets, and what is the book value ^ of the enter- 
prise? 

In simple terms, then, double-entry bookkeeping furnishes a ^^profit 
and loss statement” for a given period of time that serves to answer 
the first of the two vital questions above. Also, it affords a “balance 
sheet” to give a complete picture of the financial status of tiie com- 
pany at any moment of time, which serves to answer the second ques- 
tion. Let us study, first, the simple balance sheet of the “X. Y. Z. 
Company” shown on page 168. 

This balance sheet has been greatly simplified and pr^ented in 
round numbers for the sake of clearness. It will be observed that the 
assets are valued at $150, (X)0. The liabilities are $4:0,000, of which 
amount $35,000 are subject to pa 3 mient in the near future, and there- 
fore termed “current liabilities.” Subtracting the liabilities from the 
assets gives us the net worih of the company *or $110,000 ($150,000— 
$40, (MX)). 


2 'Took value” of a company is the total assete less total liabilities, including 
debts of ail kinds. Dividing by the mimber of stares of stock held by stock- 
holders, one obtains the '1>ook value” per share of siock. Usually it differs from 
the market value of the share of stock, dependent upon earnings or losses or the 
future possibility of these. 
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X. Y. Z. COMPAQ 
BALANCE SHEET 
As of December SI, 1BS7 


Assets 

Current Assets: 

Quick Assets: 

Cast $20,000 

Accounts Receivable 5,000 $25,000 


Working Assets: 

Inventory 75,000 


Total Current Assets 100,000 

Fixed Assets 40,000 

Prepaid Expense 10,000 


Total Assets $160,000 

Liabilities (and Capital) 

Current Liabilities: 

Notes Payable — ^Bank $ 8,000 

Notes Payable — ^Trade 4,000 

Dividends Payable 7,000 

Accounts Payable 15,500 

Accruals Payable 500 


Total Current Liabilities $35,000 

Long-Time Liabilities 5,000 


Total Liabilities 40,000 

Net Worth as represented by: 

Surplus $40,000 

Capital Stock 70,000 


Total Net Worth 110,000 


$160,000 

The dual nature of the double-entry system is seen here, Shice each 
transaction has a double effect on the balance sheet, the equality of 
the sheet remains unaffected. Thus, for the manufacturing company 
above;, if the inventory of raw materials is increased by purchasing on 
credit, the assets are increased but the liabilities must be increased by 
a like amount. If some of the finished goods are sold at a profit, the 
assets (cash or accounts receivable) are increased by a larger amount 
than the asset of inventory of finished goods is decreased, the difference 
representing the inerease of net value or net worth of the enterprise. 
This is readily seen from the balance sheet. 

The balance sheet of the X. Y. Z. Company was purposely made 
simple in order to bring out the various points of importance that were 
in question. It must not be thought, however, that all companies have 
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so simple a balance sheet, but on the other hand, no matter how com- 
plex the sheet is, this same information and none other is included. To 
show the complexity of the typical balance sheet, the forty-first annual 
report of the Union Pacific Railroad for the year ending December 31, 
1937, is reproduced in part, the balance sheet being shown at the end 
of this chapter. This sheet was selected because of its complexity and 
yet its clearness. The assets are seen to be $1,206,243,128.02 while li- 
abilities are $849,320,725.87, of which $21,697,990.79 are ^^current.” It 
is thus seen that, even though this actual balance sheet is complete to 
the most minute detail necessary to a stockholders^ report, it is still 
relatively simple to interpret. 

If the accounting system were to list each individual transaction in 
a large business, so that the balance sheet would show immediately the 
change in net worth with each transaction, the ensuing complexity 
would soon destroy the value of the records. To obviate this, the ac- 
counts are split up into many smaller subdivisions, each of which cov- 
ers numerous transactions. These are all “closed out^^ at the conclusion 
of each fiscal year, and a consolidated profit and loss statement set up. 
This statement is of great value in increasing the information that 
may be obtained from accounting records. On page 170 is the simple 
profit and loss statement of the previously mentioned X. Y. Z. Com- 
pany whose balance sheet was considered. Again, like the balance 
sheet, this statement is simplified in order to bring out the main pointe. 

The profit and loss statement reproduced here is self-explanatory 
and furnishes an insight into how these statements are compiled and of 
what value they are to a business enterprise. 

Business Ratios and Comparisons of Statements. In analyzing 
financial statements, it is common to consider what we call “busine^ 
ratios*^ as interpreting the financial status of the company. The mean- 
ings of a few of the more popular ratios are explained below. 

The current ratio is obtained by dividing the current assets by cur- 
rent liabilities. Such a figure shows the condition of the company in 
relation to ite ability to satisfy current obligations from liquid assets. 
Referring to the balance sheet of the X. Y. Z. Company on page 168, 
$100,000 divided by $35,000 shows a current ratio of 2.86 or 286 per 
cent. Ordinarily, well-managed companies maintain a current ratio 
of 2 or higher. The importance of the current ratio in evaluating the 
financial position of a concern applies particularly in comparing the 
pM 3 sition of companies in the same line of business and for the same 
date. Current ratios will vary with seasonal fluctuations and with 
busings conditions. 
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X. Y. Z. COMPANY 
Pbofit ani> Lo^ Statement 
Year ended December 31 j 1937 


Gross Sal^ - ■ 

liess: Returned Goods. 


$138,000 

3-000 


Net Sales 

Cost of Goods Sold: 

Inventory at beginning of year 

Purchases 

Freight 


Less: Inventory at end of year 

Cost of Goods Sold 

Gross Profit 

♦Operating Expenses 

Net Operating Profit 

Other Income 


70,000 

100,000 

5,000 


175.000 

75.000 

100,000 

35.000 

20.000 

15,500 


Other Expenses: 

Interest 

Taxes 


NET PROFIT 


900 

600 


1,500 

$14,000 


* In the nen=I.profit and 

““ d^iitions, and all the oth« items that go into opaating 

ThowITor thf’sake oi darity for the statement. 


A glance at the Union Pacific statement at the end of this chapter 
shows that, for the year of 1937, this company's current ratio was ap- 
proximately 234 per cent. 

The ratio of sales to fixed assets is of value in that it shows, among 
other things, whether or not in an expanding business the additional 
equipment is productive of sales, and hence wa,rranted. 

The ratio of net worth to fixed assets is significant for making com- 
parisons from year to year. When this ratio is high,_the liquidating 
protection to creditors is greater than when the ratio is low. 

The ratio of net worth to total debt is indicative of the proportion 
of owned to borrowed capital. No single ratio may be set up as a 
criterion, since a ratio that is considered conservative for one mdustry 

may be cause for alarm in another. • .i. 

It will be observed from the terms employed in expressmg these 
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ratios how they fit in with the balance sheet and profit and loss sheet. 
From these two statement, any of these ratios may be easily cal- 
culated, and, for comparison purposes, one needs only the reports of 
the companies he wishes to compare. 

The 100 per cent statement is another useful device for comparing 
the financial condition of one company with that of another, or for 
studying the condition of an enterprise over a period of years, in which 
case the significant factor brought out is not the change in an asset 
from year to year, but its change in relation to the total. The follow- 
ing is a simple illustration of the 100 per cent statement from ^^Busi- 
ness Statistics,” by J. R. Riggleman and I. N. Frisbee (McGraw-Hill 
Book Co., Inc., New York, 1938), p. 578. 


EXAMPLE OF A 100% STATEMENT 

Company A Company B 


Assets 

Amoimt 

% 

Amount 

% 

Cash 

. $4,000 

4.0 

$12,000 

2.4 

Receivables 

15,000 

15.0 

50,000 

10.0 

Merchandise 

10,000 

10.0 

40,000 

8.0 

Total Current 

29,000 

29.0 

102,000 

383,000 

20.4 

Fixed Assets 

69,000 

69.0 

76.6 

Deferred Charges 

2,000 

2.0 

15,000 

3.0 

Total Assets 

. $100,000 

100.0 

$500,000 

100.0 

LiABmmEs AND Net Worth 

Notes Payable 

$6,000 

6.0 

$10,000 

2.0 

Accounts Payable 

8,000 

8.0 

20,000 

4.0 

Other Current 

3,000 

3.0 

2,000 

.4 

Total Current 

17,000 

17.0 

32,000 

6.4 

Bonds, etc 

^,000 

20.0 

150,000 

30.0 

Total Liabilities - 

3r,ooo 

37.0 

182,000 

36.4 

Net Worth 

63,000 

63.0 

318,000 

63.6 

Total Liabilities and Net Worth 

$100,000 

100,0 

$500,000 

100.0 


Etjctjnb CMnwmij, “Wlien Your Banker Begins to Ask QuestioEs/’ Ameriam 
BitsirwsSf August, 1938, p. 9. 

Hot a. Foulke, 'Tinancial Ratios Become of Age,” Journal of Accourdmff, Sep- 
tember, 1937, p. 203. 

COST ACCOUNTING 

It has been seen that the accounting methods used in developing 
financial statements are largely retn^eetive. By means of such meth- 
ods, we can tell what was done in the past week, month, or year— -all of 
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wiiicli is a matter of }lis^or}^ But such records are almost useless when 
it comes to discovering our mistakes and inefficiencies in sufficient time 
to do something atmut them. We must have a means of securing in- 
formation on our operations, broken doTO in such a manner that we 
may thoroughly analyze each phase of the business; yet such infor- 
mation must become available promptly if steps toward correction of 
inefficiencies are to be taken. 

To facilitate planning in the future, there has been developed a 
system of ‘'costing accounting” and “standard costs, ® by which w^e can 
compare our operations to an adopted standard. Standard costs are 
arrived at by breaking down an operation into its various parts, the 
tmts of which are based u|K)n past experience. They provide a means 
of getting directly at the particular phase of the work that is falling 
behind its standard and causing a variation in the costs. With costs so 
broken domm, a complete analysis is easily and quickly made, when 
ec^ts take an unusual change, and the root of the trouble can be deter- 
mined and corrected. The principal purpose, therefore, in cost ac- 
counting, k that of cc^t control,* for it enables management to deter- 
mine where l<^es occur and take steps toward improving efficiency by 
their elimination. 

It should not be inferred, by what has been said, that cost account- 
ing is applicable only in factory operations. Inefficient distribution, or 
inefficiency in any other important branch of company activity, may 
mntribute to the downfall of a company just as much as inefficiencies 
in manufacture. For this reason, cost accounting has taken its place 
in selling * and administration, as well as manufacture. Cost account- 

*Ref€re»«: of Staadfyrd CkMs and Tbeir Use in Measuring Fer- 

A. Grem, Prmitictim Pixpen, Seventh Intermtiomd Marmgement 
lAsmimB M,ani^iiieit Ajssodation, 330 West 42nd Street, New York 

C%>* p. m. 

to F. Brown in Industrial Engineer’s Fart in Devel- 
op^ CsM Cffliteoi MethcA'’* C^jecial pibii<mtion of Society of Industrial Engi- 
ne*, W. W»cl»r Driw, Oiieago, May, 1^), there are two major control 
erf opeimlaig maa^mait. TI»y are control of production through: (1) 
«i«itiSe wheditii^, and dh^tchii^, and ( 2 ) 'Cost %wm. The fo-rmer 

iiwii with Mom <rf prodad manufaefaning proc^^; the latter, wi'th 

ftwr. Oost figures sImmM be ample, eadjy mtepreted, and conci^ 
far Tiieir vaJtie for ccsntrol decieMK rapidly if management iS' 

kepi iw far ooM figures, and fey this t&scm daily poslmgs of cost 

igaw* Me M ttey are to be timely fmr |Mirpos©s of control. 

* A i*i«ifadiiri^ wmipyay, selling indudrial «|uipment, supplies many 
if to i^m»m witti aafawMis f<y p«rp<»s. For some yeaxs, an 

iw»d ww ^ cod of oi^srating these automobile, inehMing 
I erf ile|M«mtion, and intoed diarges. It was partacu- 

tdWe to a at which it would be mc^ e<xmoinical to 

wittfc Mfw one®. From reMab'ie ami ac^surate recoedb, it 
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ing provides the production end of the business with timely pointers 
to inefficient practices which can be eliminated.® To the sales depart- 
ment, cost accounting enables wiser product pricing/ and through 
standard costs proper prices on special products or infrequently manu- 
factured items can be quoted intelligently. 

Cost accounting assists also in the work of forecasting performance 
upon the basis of engineering principles. By means of it, costs are 
predetermined and set up as goals for every part of the business. Cer- 
tainly, then, cost accounting is an important element in control of a 
technical organization. 

The cost accountant supplies a ready comparison of actual costs 
with forecasted costs of every operation. Such comparisons bring out 
the reason for and origination of any variation in coste as a whole. By 
having an efficient and cooperative system of cost accounting, it is no 
longer necessary to rely entirely upon inspection, time study, and rigid 
observation of operations to locate a trend away from efficient opera- 
tion. 

In the older forms of accounting, a manufacturer took an inventory 
accounting of finished products, goods in process, raw materials and 
other assets, at the end of each fiscal year ® or selected period. Such 
inventories furnished a reasonably accurate picture of values at that 
particular time, for use in determining a statement of assete, and also 
a profit and loss statement covering the period. Being made infre- 
quently, it did not make possible prompt correction toward elimination 
of losses that developed from such analyses, and consequently allowed 
a considerable lag in the use of the statement for purposes of cost con- 


was found that, on the average, it would pay best to replace the automobite 
after 25,000 mil^. of travel, which usually represented one year’s service. 

®A manufacturer, using large quantiti^ of silicon sheet steel for punehings 
included in the manufacture of electrical apparatus, determined from Ms 
accounting system that a considerable Ic^ occurred in value of materials wast^ 
as excess in the punching operation. A close examination of theK log«s led to 
the purchase of sheet steel of entirely different dimensions, and also a scheme 
for utilizing waste sections for still enaller punched sections wMch were required 
for small-azed t3q3es of electrical apparatus. 

^In trade associations, made up of manufacturers forming a part of a par- 
ticular industry, program toward price stabilization has been made by establish- 
ing uniform methods of cc^ accoimting. When any manufacturer knows his 
actual costs, he is much 1^ likely to quote unreasonably low or high prices. 

® The "filial year” means the business year which has been adopted arbitrarily 
by each company as a matter of policy, and which may or may not correspond 
to the calendar year. For iostance, to avoid the confusion incident to the annual 
holiday season at the clc^ of each calendar year, a company may select the 
"fiscal year” ending March 31, or September 30. The United States government 
fiscal year starts July 1. 



174 


OTATISHCAL AND ACCX)IJNTING METHODS 


trol Such weaknesS'es have encouraged the inauguration of cost sys- 
tems applying to all operations, which develop reliable cost figures in 

the shape of a running record. 

Although cost accounting applies to all phases of a company’s oper- 
ations, we will summariEe its purpose in relation to production of 

technical products as follows: 

To determine valu^ for purposes of arriving at a financial statement 
of affiets and operations over a given period of time. 

To determine the cmt of current operations, in order to eliminate lo^es 

and improve efficiency. 

To determine the volume and value of materials and products, for 
purpK^ of their control. 

To determine the cost of a particular operation, product, or line of 
products, in older that reliable information may be obtained upon which 
to ki« pric«. For instance, a manufacturer must know what a particular 
product costs, or a contracting engineer must know what his costs are in 
designing and erecting a structure, if production is to be profitable. 

Aspects of C(^ Accounting. In production processes, it is not 
difficult to determine the cost of labor required, or the amount and 
value of materials used. The^ items can be established for a given 
job, item produced, or quantity. The numerous indirect expenses, 
such as ecM of administration, supervision, indirect labor, light, power, 
and depiwiation, can, without great difficulty, be determined for a spe- 
cific o|»rating company, but when we attempt to allocate a proper 
division of th^ expense to a given product, the problem becomes 
complicated. Any cost accounting system, to be of value, must ob- 
viously provide this, and a proper share of these ^'indirect’’ or ^Wer- 
head^ ex|»iis« must be allocated to the individual item of production. 
Such allegation must al^ be made on the basis of averages, for any 
Bwtliod of allocation which is truly exact would require such an amoimt 
of wmk m to become overwhelming and ccmtlj. For instance, it would 
be impe^ble for the manufacturer of a quantity of small compressors 
for comiMreial refrigeration systems to charge against each one of 
tbw ite e»ct indirect expenses. Individual compressors may re- 
quire special work in adjiBtment, some may remain in the warehouse 
moBtlis before teing ^Id, and certainly the sate expense upon each 
one wll differ. Furthermore, the rate of manufacture over a period of 
liiM may vary greatly, imd idle manufacturing equipment is costly, 
la the appEcatioii of indirect expense, the cost accountant ap- 
pi« the law of average. 

C«»Mter the salv^^ value of a machine tool. The acwiinling 
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system of a plant sets a certain depreciation rate on the machine, esti- 
mates its life at so many years, and sets the salvage value at first cost 
minus total depreciation. Obviotisly, this is just an estimate, and un- 
foreseen conditions may cause a material difference in the actual scrap 
value and book scrap value. If it were necessary for the accounting to 
be strictly accurate, the books would have to be corrected, possibly as 
far back as fifty years, to compensate for the error made in the de- 
preciation estimate. This is, of course, impractical and hence throws 
the costs off to some degree. 

Eugene L. Grant, in his book 'Principles of Engineering Econ- 
omy,” cites a very good illustration of this point. He tells of a certain 
industrial engineer who made a study of a power plant with an eye te 
reducing operating costs. During his studies, the engineer found that 
the stored coal was much less than the inventory shown in the books. 
Some months later, this engineer was unpleasantly surprised to find 
that the cost accounts showed the operating cost to have gone up rather 
than down. At first thought, the inference was that his study had been 
a complete failure. But investigation proved that the accountant was 
spreading the cost of the fuel shortage over the next six months, rather 
than charging it off to the month in which the shortage had been dis- 
covered. This avoided distorting the costs for that particular month, 
but completely overbalanced the economic that had Faulted from the 
engineer's studies, and hence gave the false impression that so startled 
the engineer at first. 

Along this same line, it would obviously be unfair to charge off a 
“sunk cost” to a new machine. For example, suppose that the account- 
ing department erred in depreciating a certain machine tool, and hence 
must in some manner charge off $1{K)0. If this were charged to the 
new machine, it would probably make the replacement appear un- 
profitable. The new machine tcwDl would be getting off with a bad 
start — $1000 already against it, and under such circumstances, the 
cost study would be unfair to the new machine. The engineer must 
be alert to catch such errors when using cost data for economy studies. 

Another cost accounting practice teat may give a distorted picture 
is the allocation of expenses on productive machinery. The allocation 
to each machine of such expenses as indirect labor, lighting, heating, 
and other items of factory overhead is often apportioned approxi- 
mately, and on a percentage basis. As a r^ult of this practice, a prcKi- 
ess performed on a certain machine, if we consider this assigned por- 
tion of overhead which this machine must bear, may appear much 
more costly than it actually is, so that the decision to replace equip- 
ment should certainly not be made on this basis alone. 
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The maEBer in which expenditures are allocated to various ac- 
coitnfe also will always bear the closest scrutiny on the part of the 
engineer. Often the accountant oversimplifies the allocation to a 
particular accountj since he feels secure in the knowledge that, in the 
final compilation of accounts, all expenses wall ultimately be included. 
But what if the engineer should take one particular account that has 
l^en oversimplified, and use it as a basis for an economic study? If 
he does this uncritically, his conclusions may be incorrect.® 

These are but a few” of the limitations to be found in the average 
cwt system. The engineer who knows how the costs have been ob- 
tained will cognisant of these limitations, how^ever, and will not be 
inclined to accept cost data unquestionably. Cost accounting is a 
valuable tcml, but it is not set up primarily for engineering use, and 
hence must be applied cautiously if it is to be successful. 

The C<®t Department. Although there is little or no dispute as 
to what a ec^t accounting system should do, there is much debate as to 
how it should set up to accomplish these functions, and what system 
rfiould be used in accomplishing it. 

Those assigned to the responsibility of cost accounting have the 
duty of identifying all forms of cost and determining their amounts, 
and arranging, combining, and establishing these costs in a form 
which can easily be used. Since a producing enterprise deals with the 
number and nature of items produced, and the dollars received for 
them in their completed form, costs must be made available in these 
tenm. 

TTie customary TOthod of ee^t accounting involves determining the 
Mter and materials content involved in producing a given product, 
and then adding thereto, on a ratio basis, the various items of cost 
which include all forms of indiiect ^pense. Thus, if we consider a 
pvai item prwluced, we know the cost contents for labor and material, 
and finally add to these the cost contents for. all of indirect 

In doing so, however, it is customary first to ^tablish the 
shop c«l, which includes all cost ite'ms applying to production, in- 
those items of an indirect expense nature which apply only 

•A m ixwifc » a study made by an enpaeer to determine' whether a 
mstsm mil Aoaild purchmae its power from a IoctI utility or oontmue 

to its own. Taking the ^»oiimts at their face vafcie, the 'College power 

^ait ms, fw, the amm& of energy. But, m arutinking the amnmts 

c^^ly, the foiaid that the wages of several firemen were not in- 

cluW m erf the pow^ brnwe, mwe part of th^ laTnft was 

tokm up m iawpw tad tl« Ike. T1i«, and sevOTa otto* ovaisiinplified 

of iwil m fato l«ht on fim pictare. The ooflege is 

ti« poww* firwm ^ uti^* and saving mcuiey, at H 
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to the manufacturing department or shop itselL With the shop cost 
established, to this is then added those indirect expenses which have 
nothing directly to do with manufacture, such as the cost of adminis- 
tering the company, research and design, sales, and collection expense. 

In allocating general overhead costs, several arbitrary systems 
have been set up, the more important of which are as follows: 

1. Those based on a percentage of direct labor costs. 

2. Those based on a percentage of the cost of materials, 

3. Those based on a percentage of the total shop cost. 

4. The machine-hour system. 

5. The man-hour system. 

Each of these methods has its advantages and disadvantages, and 
for an impartial survey, the reader is referred to the many good works 
which have been written on this subject. 

Many industrial concerns set up what is termed a ^^tandard” cost, 
previously mentioned. The standard cost is usually found in plants 
where products are standardized and duplicated in manufacture. It 
represents the normal cost of a product, and gives a figure with which 
actual costs can be compared, thus providing a check on the operating 
conditions. The standard cost is not completely static, but must be 
revised with broad changes in operating factors. 

This very brief survey of cost accounting would not be complete 
without a word on the subject of uniform methods of cost accounting, 
applying to various manufacturers of the same class of product. Hiis 
has become prevalent in most industries, and the United States Gov- 
ernment has encouraged it as soimd practice. Uniform methods of 
cost accounting have been worked out for ihe electrical manufacturers, 
printing and paper industry, and many others. By using this uniform 
system, the smaller manufacturers are able to determine their costs 
without prohibitive expense; thus the entire industry is spared the 
disturbing influence of a high mortality rate such as is often caused by 
the inexperienced manufacturer, who unwittingly sells below Ms costs 
and is eventually forced into bankruptcy. 

IHDEX KFMBEIS 

Throughniit ihis lK>ok, charts and graphs appear showing the varia- 
tions of price, quantity, and other magnitudes over a period of time, 
or at different places. These invariably are constructed on a basis of 
index numbers for the sake of simple comparison. Index numbers are 
: more ihan the ratio of a variable, at any given value, to some 
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one ¥aliie whicii has been selected as a base. The base of any index 
Blunter system usually will be one of the set of numbers being com- 
pared (usually the one considered most representative of normal 
activity), or, sometimes, an average of all the values. In short, the 
index number is but a common denominator to which we may reduce 
prices, prcduction, wages, purchases, or w’hat not, when they are to be 
compared over a period of time or at various places. Only by index 
numters can a series of values be made truly relative to one another. 

The miBt commonly used index numters are the single series rela- 
tweSf aggregate index numbers, and relative-from-aggregate index 
numbers. 

Construction of single series relative index numbers is merely a 
matter of finding the ratio of the data at a given point to those at 
fihe ba^ ix>int. For instance, consider a pump manufacturer whose 
sate volume on one line of pumps was as follows: 

1926 — ^2500 units sold 

1927— 2730 

1928— 2410 " " 

1929 — 2 ^ " " 

We can say that 230 more units were sold in 1927 than in 1926, 90 
1^ in 1928, and so on, but unless we know the volume in 1926, we are 
unable to tell ivhether the increases and decreases are great or rela- 
tively insignificant. However, if we take 1926 as a typical, normal 
year and express sate of other years as a percentage of those in 1926, 
we have a ready comparison that tells us whether the changes are 
or small. Letting 1926 sal^ be 100 per cent, the sales for 1927 
are 2730; 2500 X lOO = 1092 or 9.2 per cent higher than 1926. The 
sii^le aerim relative index number for 1927 is 109.2, and we can see 
at a glance the significance of the number. In 1928, it is 96.4, or 
3.6 p«r ceit than 19^; 1929 is 90.4; and so on. The simple for- 
nmla for converting date inte single ^ri^ relative index numbers is: 

Ni = ^xm 

Wl«e Jf| m tfie inder number of the particular period, Qi is the fig- 
mmm or itete of tiie iwricular i^riod, and is the data during the 
bate Mc^ of our charte in this book are constructed from just 

aiich m simple formula. 

of m index is tlmt period from which we are 

to wMwwe in other periods. la mch. a base, a period 

rikxiM be ttdwtal wiMk is as normal as pofisible. 
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Aggregate index numbers are numbers growing out of the combina- 
tion of several series. Assume that the pump manufacturer sells five 
lines of pumps. He wishes to construct an index showing sales for the 
year 1938 compared to those in 1926, taking all lines of product into 


consideration, instead of just one. 
follows: 

1926 



Units 

Price 

Pump A 

2500 

$100 

Pump B 

1250 

125 

Pump C 

750 

140 

Pump D 

1420 

165 

Pump E 

880 

210 

Total 

6800 


Relative index number . 

100 



His data on the five lines are as 


1938 


Total 

Sales 

Units 

Price 

Total 

Sales 

$250,000 

2050 

$110 

$225,500 

187,500 

1020 

140 

142,800 

105,000 

660 

150 

99,000 

234,300 

1650 

175 

288,750 

184,800 

710 

240 

170,400 

961,600 

6090 


9^,450 

100 

89.6 


96, 


The manufacturer can prepare a simple aggregate index number 
by adding the total number of units sold in the five lines for 1926 and 
1938. Hence, in the table above, a total of 6800 units was sold in 
1926 compared to only 6090 in 1938. These are aggregate index num- 
bers. Then, with 1926 as 100, the relative-from-aggregate index num- 
ber for 1938 is 6090/6800 X 100 or 89.6, which shows sales to be 10.4 
per cent under 1926. The simple relative-from-aggregate index num- 
ber formula becomes: 


Summation of - ^ 

^ Summation of Qb 

We should note the fact that, in the illustration above, we have 
comparable imits in all five lin^ and hence can use direct a^regat^. 
Where the units of various series are not comparable, we must com- 
pute relatives for each series and then take a summation of fihe 
relatives. 

This brin^ us to the point of questioning the results of the simple 
aggregate index numbers shown above, as a true index of sales volume. 
In the first place, this index giv^ equal emphasis to each of the five 
lines, disregarding the fact that there is considerable price differen- 
tial between the lin^. An index of sales volume should show the true 
trend of sal^, and to do that we must have a measure of total income 
from sal^ on all lines. Too, prie^ have changed since 1926, and this 
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tends to make the sales Tolume appear incorrect if we consider units 
only. 

We can correct much of this by a process known as ^^weighting’^ 
the index number, in which we introduce “'weights’^ which will serve 
to place proper emphasis on each line. In our example, price varia- 
tions will be used as w’ell as units sold, and hence we wdll get a truer 
picture of sales volume. We weight our index numbers by multiplying 
the quantity of each line sold by the prevailing price, as shown in 
column 3 of the data table. Then the summation of total sales for 
each line is carried out as before and we find that, for 1926, the aggre- 
gate index number is $961, 6CX) as compared with $926,450 in 1937. 
Going cm and constructing the relative-from-aggregate w'eighted index 
number, we get 926, 4^/961, 6CX3 X 100 or 96.Z for 1937, wdiich is only 
3J pr cent l^s than 1926. We see, then, that the weighted index 
mimbere are much more reliable since they place emphasis where it 
should be placed and in proper proportion. The formula for the 
weighted relative-from-aggregate index number in this case is: 

N - Summation (^i X Pi) ^ 

^ Summation {Qh X Pd) 

where Fj and F| are the prices during the present period and the base 
period of 1926, respectively. The example of weighted index numbers 
should be considered only as such, since the variations in weights are 
Bjany. More often, quantities are used as weights where price indexes 
aie cl«iral. The choice of weights is an important one to the eon- 
steietion of tree index numbers. 

Index numbeis have become increasingly popular for expre^ion of 
data of all kinds, and it is important to know the principles 
of their construction before trying to interpret them. Index numbers 
are g«erally iHad in graphical presentation of data. They are espe- 
cmlly valuabte in showing such items as sal^ volume compared to 
value of plant conditions, general busing conditions, efficiencies 
(^^iaiy irfiiaB many operating ratios are involved), and a multi- 
tude of facte. 

Just one other point should be mentioned regarding manipulation 
of inifa HunibOT, and that is comparison of index numbers which have 
mmt imm different bM®. Suppo» that we wish to compare an index 
year 1^6 with a system b^d on 1913. We must re- 
duce Ix^th index aimh®" systens to a OTmnaoB base if comparison is to- 
be acciwate. To do flhis, we need imly relect fee common base year 

div^ wte: amibcr (w compmtol on fee old base) by fee 
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index number appearing at the base year, and reduce the result to a 
percentage. For examplej we have relative index numbers based on 
1913 as follows; 


1913 

......... 100 

1920 

152 

1926 



1930. 

105 


We wish to change these numbers from the 1913 base to a 1926 
base for sake of comparison with other index systems based on 1926. 
The new numbers are calculated as follows, and will have their new 
base as 1926: 


1913 100/120 X 100 = 83.3 

1920 152/120 X 100 = 1^ .6 

1926 m/120 X 100 = 100.0 

1930 105/120X 100 = 87.5 


Hefehencb 

'The Index of Business Activity — and How to Use It,” Business Weehf September 
17, 1938, p. 35. An explanation of how Business Week prepares its index of 
business activity. 

ENaiHEEEING STATISTICS 

We are now entering into the discussion of a subject that borders 
more on the theoretical than does the subject of business statistics that 
we have just been considering. Under “Engineering Statistics” we are 
going to investigate methods for the presentation of data; methods that 
were once thought of only in connection with studies such as those in 
lie social science and biology. But these very methods have teen 
taken from lieir academic realm, and are now universally applial to 
such mattem as industrial sampling and the quality of technical prod- 
uct, which are discussed later on. 

Bata Gathering and TabtilatioEu At the very beginning of any 
statistical survey, we have our data. Th^ may relate to the num- 
ber of people passing a certain comer each day, the number of auto- 
mobiles that cross a certain bridge each hour, the tensile strength of 
heat-treated steel bars, or the octane ratinp of different brands of 
gasoline. 

First, we must ascertain how these data were collected. We should 
know the test conditions under which the data were taken. Were the 
conditions uniform throughout the period or periods of observation? 
Did unavoidable human factors enter in? Were the testing machine 
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and the oteerver accurate? These and many other questions will bear 
clc»€ investigation. 

The data may need simplification and classification before any 
warranted conclusions may be drsmn from them. Before data on the 
eaminp of factory workers can be compared, they may need grouping 
by type of work, time of work, piece work, salary, sex of the workers, 
and the like. Studies of the deaths per thousand of population are of 
mcmt value only when grouped according to age periods, occupational 
cla^s, racial groups, and so on. These sub-groups must then be 
treated as definite divisions for independent analysis. Merging these 
divisions will often r^ult in a condensed presentation of but slight 
rignificanee. 

Chice the data have thus been classified, simplified, method of 
compilation checked and approved, and the validity of their compara- 
bility ascertained, the next step is to arrange and condense the data 
into the form best adapted to their practical use. The arrangement of 
a of ungrouped data into an orderly sequence according to magni- 
tude m called an array. Table 1, page 183, shows the original, un- 
cIsMified data on 100 samples of steel tested for tensile strength or 
Mbtem. Table 2, page 183, shows the array of these data in an order 
of ascending magnitude. Such an arrangement of data is known as 
a frequency distribution. Next, these data may be condensed and 
further classified into groups as shown by Table 3, page 183. Here, 
grouping is done by finding the number of samples that fall between 
definite tensile stress limiting valu^ that go to make up each group. 
Hence, this table merely gives the frequency at which the test values 
were found in each of the chcBen groups of values. This form of pres- 
cntetion m likewise a frequency distribution, and, although it involves 
a great lew of detail, the net iwult is a presentation that is much 
wmm readily underetcMxi. 

In constructing a frequency table, a number of step must be token, 
step can be followed in Tabl^ 1, 2, and 3, which represent the 
wiistriiction and condensation of data into frequency tobl^. First, 
it mm tiic iteire were arranged in order of magnitude as shown 
in Table 2. Tliis step help in visualiiation, but is not strictly 

Next we determine the uppr and lower limits by inspeting toe 
(feta, d^iie on toe number of cla^^ to be used, and fill in toe cases 
toal fail in mmh cla». Tli^« simple step are all toat is 
but ^rtain dwsisioiB must te made in 'each stq). 

In toe first place, a decision must be made on the size of the cla^ 
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TABLE 1 

TJNCLASsiniatt Data on 100 Tensile Strength Tests op Steel 
Values given are pounds per square inch. 

69,802 69,204 72,606 70,090 65,821 68,710 72,971 

66,262 69,522 71,462 70,416 62,041 68,891 71,870 

64,302 65,302 69,882 66,999 71,922 72,102 68,997 

66,016 73,940 67,491 64,456 70,901 65,992 71,M2 

67,204 69,115 71,977 77,020 68,909 66,832 63,381 

66,499 71,798 70,603 70,222 66,994 69,082 65,706 

71.601 69,952 69,901 67,299 75,682 64,411 62,912 

63,792 66,509 66,098 69,352 74,392 70,822 66,391 

65,421 65,782 74,987 64,114 69,677 69,331 68,002 

64,922 72,321 72,777 73,582 68,444 71,342 73,802 

66,881 67,907 69,406 67,342 73,792 68,790 68,156 

73.161 71,298 70,190 67,091 68,110 70,982 70,741 

68,192 68,241 68,302 68,841 66,149 67,602 67,794 

71.162 69,111 68,098 66,920 70,298 67,770 70,352 

68.602 67,890 

TABLE 2 

The Data op Table 1 Aebanged in an Order op Ascending Magnttudb Enown 

AS AN “Array” 

This is also termed a “frequemcy distribution.” 

62,041 66,016 67,342 68,444 69,406 70,741 72,102 

62,912 66,098 67,491 68,602 69,522 70,822 72,321 

63,381 66,149 67,602 68,710 69,677 70,901 72,506 

63,792 66.262 67,770 68,790 ‘ 69,802 70,982 72,777 

64,114 66,391 67,794 68,841 69,882 71,162 72,971 

64,302 66,499 67,890 68,891 69,901 71,202 73,161 

64,411 66,509 67,907 68,909 69,952 71298 73^82 

64,456 66,832 68,002 68,997 70,090 71,342 73,792 

64,922 66,881 68,098 69,082 70,190 71,462 73,802 

65,M2 66,920 68,110 M,lll 70222 71,601 73,940 

65,421 66,994 68,165 69,115 70,298 71,798 74,392 

65,706 66,999 68,192 69,204 70252 71270 74,987 

65,782 67,091 68,241 69231 70,416 71,922 75,682 

65,821 67,204 68,302 69252 70,603 71,977 77,020 

65,992 67299 

TABLE 3 


The Data op Tables 1 and 2 Condensed and Classified into Groups 


This presentation data loses scHne of its fonDra* detail as shown in Tabtes 1 or 
2, but it shows much more <^arly the frequency at whidi test values fall into eadi 
grouping of values: 

Prequbnct of 

ImcTS op Group Occurring 


60.000 to 61,999 pm 0 

62.000 to 63,999 pm 4 

64.000 to 65,999 psi 11 

66.000 to 67,999 psi 22 

68.000 to 69,999 pa 28 

70.000 to 71,999 pm 21 

72200 to 73,999 psi 10 

74.000 to 75,999 psi 3 

76.000 to 77,999 pm 1 

78.000 to 79,999 psi 0 
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inten^al. The inter\'als should be so arranged that an even distribu- 
tion will te made of the cases within each class. This is essential be- 
cause later steps involve the use of the mid-value of each class as the 
representative value for the class itself. This, of course, involves error 
in the cases wliich are above or below the median, and a sufficient 
mimber of cases should taken to keep this error small, without at 
the same time setting up too large a number of classes for easy com- 
prehension. A general mie of having not less than 10 nor more than 
25 classes is often applicable. 

The deckioE of locating the class limit is of importance in that it 
can be made to simplify subsequent calculations. The tabulation of 
data is also made easier if the cl^ interval can be made a whole 
number, the cla^ limits integers, and if possible the medians also 
integers. The advantage of this is that it makes absolutely certain 
into w’-hat class an obseived case falls and also establishes the median 
of the cl^ in simple form. 

Class internals should be uniform so that all groups or classes will 
be comparable. Similarly, all classes should be determinate. If an 
undeterminate class existe, it brings uncertainty into one or both of 
the limits, and greatly reduces the value of the table. 

The tabl^ we may pmpare by the methods just outlined tend to 
reveal the underlying structure of our data as well as their basic xmity. 
But this is just the beginning. We must employ other means if we are 
to show more concisely our data's true characteristics. The laws we 
shall use to condense our data to a few significant figures are universal 
and apply to practically any t3rpe of data. 

Laws Governing Condensatioii of Data. The first concept we will 
<»iisMer m &e ^%rittimetic mean." This constitutes or embodies the 
^tral tendency of our data. TTie arithmetic mean is simply Hie 
avera^ of all the cases in our data, or of each subgrouping of data. 
It is a calculated average that repr^enls the “center of gravity" of 
the distribution, and is affected by each value of the distribution. The 
fonaiila for Hie arithmetic ic^an is: 

n 

wiwre M = arithmelac 

2 :Siiminaiaoa. 

X == ^eh individual ca^ or ol^rvation. 

^ » Ae aumlw' <rf msm m ol^TO&ms. 

Another u^M concept m the “median." It is the value which is 

»o mhmkd Hml o]»-ialf irf Qm number of caws Be almve and one-half 
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l>elow it. It is frequently used to establish the average of relatiTe 
prices over a series of years, and where the average is not matlie- 
maticaily measurable. For instance, in the data below, the ‘^median” 
is 63,167 pounds per square inch. 

Observed Data on 7 Samples of Steel (Tensiije Sthe^) 

59,780 pounds per square inch 

61,456 

61,^7 

63,167 Median value 

64,455 

65,111 

66,995 

A third type of “average” is the “mode.” This is simply the value 
which recurs the greatest number of times, or the value about which 
the most cases occur. When we study frequency curves as represen- 
tation of frequency distribution, we will recognize this “mode” as the 
maximum ordinate of a given frequency curve. It is of value when 
an average is needed that will not be affected by a few extreme eases. 
If, for instance, it were desired to find the average cost of a certain 
group of technical products, a few of which cost several hundred per 
cent more than the others, the modal average would be of value in that 
it would not be affected by the few extreme cases. But both the mcde 
and the median are of little value when the number of cases is few, since 
they depend upon “position” for their usefulness. A large number of 
cases is required if a reliable position is to be ^tablished for the mode 
or median. 

us suppose ihat our data are made up of the following numters: 

5 15,005 75 and 1000 

Obviously, the average of the^ numbers would not tell us much. 
The one thing that is lacking in such a situation is some measure of the 
variation of skewness of the individual cases from the average. 

The generally accepted means of expiring variation is known as 
the “standard deviation.” The conventional s5mQbol for this mathe- 
matical concept is the Greek letter sigma (<r). It is also known as 
the R.MB. (root-mean-square) deviation, since it is obtained by 
squaring and totaling the deviations of each individual case from the 
arithmetical mean, obtaining the mean of these squared deviations, 
and extracting the square root of this mean; the significance of the 
title of rcK)t-mean-^uare deviation is thtis seen. 
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Eipressed as an equation, o-, the standard deviation becomes: 



where D = the individual deviations from arithmetic mean, 
n = the number of deviations or cases. 

Standard deviation may also be expressed as: 


where Xu X 2 , ... Xn — ^h case or item observed. 

M == the arithmetic mean, as before. 
n = the number of cases observed. 

An equation that is still more convenient for computations, since 
it can he used readily with tables of squares and square roots, is: 

(l!Tl| + - ■ XI) _~2 

n 

where the sjnnbols represent the same quantities as above. 

The stetement of the standard deviation tells the trained observer 
to what extent the individual cases vary from the arithmetic mean. 
It is the mc^t important concept, at least from an engineering point of 
view, but there are others that cannot possibly be treated within the 
limited scope of this book. 

Graphical Plantation of Data. Having seen how the statistician 
plants data in a mathematical form, let us turn to another method 
m much in nm today, the graphical representation of frequency 
dMributions. 

&ich diagrams ^ shown in F%. 1 are referred to as histograms. 
In these, short horizontal lines are drawn to show the upper and 
lower limits of each class intervaL It will be noted that the areas 
of the various rectongl^ are in direct proportion to the number of cas^ 
rqpr^ait«i. 

In using such large cla^ intervals as in Fig. 1, the true facts are 
distorted. A truer conception is obtained by using smaller class inter- 
vals, m iiliKtratwi in Fig. 2. Thmi, by carrying Uiis histogram but 
one more step, we obtain the completely smooth curve as shown in 
Kg. 3. This curve will permit accurate interpolation of points not 
in the original data. Tliis curve is obtained by drawing through the 
pobts of the histogram in such a fashion that the area cut off from 
each rectangle equals the area added to the rectangle by the curve. 
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SraENGTH OP Snaa in Tension 


Histograms from data ia Table 2, Page Iffl. 



Pwmte per Sq. In. X 1000 Pounds per Sq. to. x 1000 


Figube L Class inten^al of Figure 2. Class interval of 

4000 pounds per sq. in. 2000 pounds per sq. in. 



Figure 3. The derived smooth 
curve from the histogram of 
Figure 2. 


In this manner, the smooth curve includes an area approximately tibe 
same as that of the histogram, which is obviously a necessity if tihe 
curve is to pr^nt the facts in their true light. 

Another type of curve, known as the ogwe, represents cumulative 
data. A curve of this kind is shown in Fig. 4, which represents the 
length of life of railmad ties, cumulative upward, while Fig. 5 shows 
the same data cumulative downward. 

The ogive is well adapted to interpolation, and is unhampered by 
some of the restrictions applicable to the frequency eurr^ in this 
respect. The ogive is in reality a graphical representation of the array, 
and can be drawn up from the array without the necessity of setting 
up a frequency table. It is very simply and easily prepared, and at 
Ihe mxm time is an effective na^ns of presenting quantitative data. 






m 


STATISTICAL AND ACCOUNTINa METHODS 




Fwim 4. Ogive lowing the life Figure 5. Ogive showing the life of 
of ties — cumulative upward, railroad ties — cumulative downward. 


QUALITY COHXROL AMD SAMPLING BY STATISTICAL METHODS 

Ail successful manufacturers of technical products have learned the 
economic im|K)rtance of quality control. The scientific control of 
quality as well as unifomaity involves first the determination of what 
‘‘quality” is desiredy and then the discovery and eradication of all 
|M»ib!e causes of variation. 

Quality control has become an increasingly serious problem as in- 
diMry has attained its present gigantic proportions. New technique, 
utiliiing the old statistical laws and principles, have been developed 
f« sampling and testing manufactured products. The theory of prob- 
ability is at the foundations of these new methods, which are particu- 
larly applicable to quantity or mass production. 

Let us imagine that we are manufacturers of gears. We make a 
very excellent ^ade of gear noted for its combination of toughness 
and hardness. But, in order to maintain our reputation, we must 
laaktak the quality of our geaiB. How are we to tell whether or 
not every ^ar leaving our plant is really 100 per cent perfect and that 
it ttwtaias m hidden laws? 

One |M>ssibiiity is to tet each gear with the scleroscope. Undoubt- 
^ily we will do ttiB, anro the t^t is easily made and is inexpensive. 
But th» is not We want to know whether our heat treatment 

» to We wMil to know whether the on our case-hard- 
en gWB m or tcio or too ^alow. And the 'Cmly 




CONTEOL AHB SAMPLING BY STATISTICAL METHODS 189 


way we can obtain this information is by testing each gear to its de- 
struction. On the other hand, little would be gained if we tested 50 
or even 25 per cent to destruction, for this would be entirely too costly. 

Here, then, we turn to the principle of sampling. Suppose that we 
take 1 gear out of every 20 that are produced, and test it to destruc- 
tion. Would this be sufficient to indicate our maintenance of a high- 
quality product? We must turn to statistics and statistical methods 
for the answer. 

The tests of our sample gear will be. of value only if the gear is 
truly representative of the entire group from which it was taken. The 
product must be homogeneous, or sampling is invalid. If the groups 
variation in quality is within certain limits, the product is said to be 
^‘controlled,” and such variations as do occur are due to chance. In 
such a case, the laws of probability are applicable, and it is possible 
to predict the quality of the product from the test of the sample. 
Our job is therefore to determine whether there are any variations in 
our gears not due to chance. 

Setting aside the example of gears, now let us give consideration to 
any product that must be tested from samples — either where destruc- 
tive tests are necessary, or non-destructive tests of each piece are un- 
economical — ^the first point we must establish is whether or not our 
sample is truly representative. A sample usually must be taken at 
random, and must indicate not only the quality but also quality varia- 
tion in the group from whence it came. Frequently, the selections of 
representative samples must be left to the discretion of the fwrson 
whose duty it is to do the work. 

Each sample should be identified with a particular group or lot of 
material, or with certain manufacturing conditions, or anything else 
that may cause discrepanci^ between lots. Subgrouping wiiJi re- 
spect to time is frequently important in manufactured products, as 
well as grouping according to machine from which the product came, 
in order that variations may be traced to their source and corrected.^^ 

If there is no known grouping that should be set up, the samples 
should be ^gregated into several groups, in the order in which the 
product wm manufactured, 4 l^ing a fr^uently ii»d number of 
producte constituting a sample. Th^ samples should be as small in 


^^A good example of sut^ronping is fumMied by heat-treated steel bars. 
The Imis could i^uily be grouped as to melts of the steel, and then ^jd^rouped 
ac(X)rding to the various heat-treating charges. Assuming that there were 5 melts 
and 6 charges per melt, we dbould have 30 ^mples, since each of the ^ would 
pcKshly show some sdi^tly different characfektics. 
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number as jx^ible to prevent the average from covering up any 
changes that naay have occurred diu-ing the manufacturing. 

Let us now take any product, the quality of which we wish to con- 
trol— the tensile strength of steel bars, for example. The value of the 
tensile strength will vary from one bar to another, owing to various 
causes. The “assignable” causes are those which we can identify as 
being responsible for the variations. Other causes cannot be deter- 
mined for various reasons, and are termed “chance” causes. Appar- 



60 64 68 72 76 so 60 64 68 72 76 80 


PouiKte per S<|. kL X 1000 Pminds per Sq. In. x 1000 



Botmls per S(|. la X 1000 

i 6. Eesolte of tests on 5, 25, and 
lOd atmpi^ of steel for tensile starengtli. 

eitij » DO aiM)lute difference between chance and assignable 
causes. They are strictly relative, since a chance cause may become 
an assignable cause in the light of further knowledge. 

In Fig. 6, we find the resulte of tests on steel bars in tension for 5, 
25y and ICX) bam. These curves are frequency distributions, so termed 
hecmiBB they show the frequency with which the various tet values 
for tensile strength occur. A test on 5 bars gives erratic results, but on 
ICM) baiB it gives a characteristic dfetiibution, often referred to as the 
^^bell-shaped curve." This curve shows the “normal" curve, or limiting 
form for frequency distributions. Since th^ bars were manufactured 
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under identical conditions, any ■variations in the test value are con- 
sidered as due to chance. 

Using the normal distribution curve and the standard deviation, it 
is possible to determine approximately what proportion of the total 
number of cases or test values will differ from the arithmetic mean, 
and by how much. 

Approximately two-thirds of the cases mil lie betw^n the range of 
average-plus-sigma and average-minus-sigma. 

Approximately 95 per cent will lie between average-plus-2 sigma and 
average-mmus-2 sigma. 

Over 99.5 per cent will fall between average-plus-3 sigma and aver- 
age-minus-3 sigma. 

In those cases where the quality of the product is erratic because 
of lack of control of assignable causes, so that the variations are not 
due to chance, prognostication of the quality of the lot cannot be made 
by testing samples. By employing statistical methods, the manufac- 
turer can determine whether a product is sufficiently well controlled 
to allow prediction of quality from tests on samples, and he will also 
obtain a measure of the degree of control of the product. 

For a controlled product, statisticians have established the fol- 
lowing limits for the arithmetic mean and the standard deviation of 
each sample: 

Limits for the arithmetic mean: 

M = 

ci*n» 

limits for the standard deviation: 

^ , 3 cr 

0 = G T 

Cl • (2n)» 

where M - average of the arithmetic meai^ M. 

G = average of the standard deviations, at. 
n = number of ^)ecimens in the sample. 

Cl = a factor dependent upon n. 

If all the values of M and g fail within th^ limits, the product is 
deemed controlled to an extent that justifi^ prediction of quality from 
tests on the sample. Th^ limits are based upon the laws of proba- 
bility and have proved their value in actual service. 

In the u^ of statistical quality control by sampling, ^^control 
charts” are made upon which are shown the limits calculated for arith- 
metic mean and standard deviation. On these charts are then plotted 
the actual arithmetic means and deviations of each sample taken so 
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that, at a glanee, one can tell both whether every sample is within 
limits or not, and also the degree of control of quality. Naturally, if 
the points representing each sample are near the arithmetic mean and 

standard deviation as calculated. 



1 2 3 4 5 6 


Fiaum 7. Control chart showing 
tl« limits calculated for standard 
deviation for a controlled product. 


rather than being located very 
near the limiting values, we know 
that the product is very well con- 
trolled. In the two figures shown 
here are plotted the arithmetic 



Sample Numbers 


Figuee 8 . Control chart showing 
the limits calculated for arithmetic 
mean for a controlled product. 


mmns and deviations of six samples of a product, taken from an 
actual case. We see that the product is very well controlled in 
quality, since all pointe in both charts are well within the confines of 
ihe limits. 



S 6 7 8 9 10 11 

Sa^i^sie Nlimp^>er5 


FiGraa §. chart tm which the kend miec^' 

mm wtmp^ that tJte ciualitv of the product can no 

predicted by sampling. 


Now, for the sake of cleam^, suppose that we have the same 
limitations as before for average mean, but that suddenly our samples 

b^a to plot in a faendi mmh m ^at ^own in Fig. 9. 




BUDGEIB 


Here it is easy to see iiat the product is evidently being affected 
by some factor which is entering in to make the quality go out of 
controL If this factor cannot located and the trouble corrected, 
sampling will no longer provide sufficient evidence to predict the 
quality of this product. 

ItStFESSSiNOSS 
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cal Engineering, April, 1^, p. 261. 


BUDGETS 

What is a Budget? In the discussion on principles and methods 
of planning, we found that intelligent economic procedure eom^ from 
a knowledge and evaluation of pertinent facts, and the development 
from these of a sound plan. We have also, previously, set down the 
principal elements of cost required in producing and furnishing eco- 
nomic products or services. Since every plan of procedure involves 
expense, such ^timated expenses should be set down in advance, to 
guide and control operations. This we call a budget.^* For instance, 
the budget applying to an enterprise for a given selected future f^ricKl 
of time is nothing more nor less than an engineered financial spending 
program. Just as the engineer lays out a structure or a productive 
proce^ to be followed, so, by budgeting, management lays out a pro- 
gram to be followed in the expenditure of funds. 

The budget ^tablish^, in monetary terms, Ein objective of perform- 
ance, and, having been ^tablished with sufficient detail, it serves as a 
guide, as time elapse, against which to check actual performance, and 
in turn steer it properly. • 

The ^ential principles of bud^tary control can be reived into 
tfa^e three main ste|^: ^ 


i2“Budgetaiy control may be defined as accoimting in terms of the future. 
It means a careful planning of all functions of a business in advance. These 
plans, which are contained in an instrument called for convenience “the budget,” 
consi^ of a series of primates of the businei^ covering a definite x>eriod. As 
applied to mercantile and naanufacturing enterprises the budget is a device for 
coordinating all the departments of a buriness. Estimates of the cost of operat- 
ing every depauiment are made for a definite period in advan<^ and against 
the^ estimate cost of the actual performance is checked.” (J. R. Hilgert in 
“CJost Accoimting for &des,” The Ronald Pr^s Co., New York, 1926, p. 32.) 

^^Referraw^: “Going to Make a Profit?” Samuel N. Selman, Factory Mcmage-- 
mmt and MaitUenance, January, 1938, p. 92. 
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L Forecasting perfomiance, such as production or sales, and expenses 
of each activity, based upon carefully formulated plans for the budget 
|»iicKi, 

2. The coordination of these forecasts into a central unified plan that 
wiE be the controlling factor in a balanced program for the future. 

3. At the expiration of each budgetary period, a “post mortem” to see 
where and why actual performance deviated from the forecasts. This is 
of value both to the management of the business, and in revising the 
forecast for the next period. This “yardstick” function of the budget, 
which may carried on throughout the budgetary period by comparing 
actual with predicted performance, is of great value. 

Why is a Budget Necessary? A budget for future operations 
has been found wise, because it not only defines and classifies the 
mturs of expmsesj which broadly outlines direction of operation, but, 
particularly, it acts as a measure of what is to be done and establishes 
a limit of financial outlay. In the latter sense, it establishes an ap- 
propriation for future operations, and acts as a means of cost control. 

The budget as a means of expense control has proved to be of such 
pronounced value that, today, every modem business concern operates 
throughout the calendar or fiscal year, or part thereof, on the basis of 
a budget established by the management of the concern at the begin- 
ning of the {^riod. 

Efficient operation is, of cour^, the ultimate objective of any 
budget. Experience has shown that it is much easier and far cheaper 
to correct errors that appear in plans laid out on paper, than it is to 
ixnrect errors which appear after accomplishment. No group of con- 
teacting engineers would proceed with a project without carefully 
worked out plans and cost estimates. All construction projects are 
b^ed upon budgetary ^timates, for only in this way can the cost, 
price, and date of completion be established for the contract. The 
budget, thuys created, establishes ibe limit of cost, which in turn deter- 
nfines the final amount of the contract covering the project, including 
profit on the undertaking. 

In a similar way, no group of busb^ men would start an enter- 
pri», or attenapt to administer it, without establishing an expense pro- 
grain to be effwtive m a ^^ardstick” for future operations. 

The bud^t is a nec^ity in modem busin^.^^ It reveals weak- 

Borne startlmg esamples of the \’alue of budgetary control occurred in view- 
ing the plans foSowed by ^me foresigfated a>rporations in the fall of 1920, when 
Iwifeete the fc^owing ymr. The country was entering what 
proved to be the mof^ severe busmen depression it ever experienced. A few 
^diisg compuaii^, in ex a mi n i n g burine^ ccmditions and estimating for the future. 
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nesses that might otherwise be overlooked. It tends to prevent over- 
expansion in times of prosperity, and lack of maintenance in depres- 
sion periods. It shows what has been done, what is being done, and 
what should be done. It offers a guide for the industrial executive, 
and a check on the soundness of his previous decisions and plans. 

The most outstanding advantage of budgetary planning is the 
checking of actual against theoretical performance throughout the 
budgetary period, and the '‘post mortems” at the end of each period. 
This gives a definite control over operations, and points out wea^m^ 
and failings to the executives w^ho head the various divisions. 

Another point in favor of budgeting is the planning it necessitates. 
A concern that is planning six months ahead, or perhaps a year, is less 
likely to be caught short on materials or labor or productive capacity 
during a period of business expansion, and by the same token, a 
decline in business is not likely to find such a concern with overly 
large inventories on hand. 

Budgets are also of value in the coordination they enforce between 
departments. They reveal the relation of one department to another, 
and show the executive where the performance of one division may be 
lagging behind the others. 

The one great limitation to budgets lies in the tendency of many to 
regard them as a control or a form of management iteelf. They are 
not. A budget is nothing but a tool, and as such should be looked 
upon as an aid to intelligent management, and nothing else. Some- 
times the system of budgeting becomes so involved that ite benefits 
are largely counteracted by the maze of red tape that spring up. 
There is the classic example of the young married couple who said, 
“Our budget is really wonderful. We spend so much time each evening 
tr3?ing to balance it, that we never are able to get out and spend 
anytiiing.'^ 

The purp(B^ of tiie budget may be summarized in this way: 

1. To ^tablish, for an enterprise, a definite and profit obieetive of 
performance, for a selected period of time. 

2. To find out what funds wiM be required for a pven set of opera- 
tions, from what source they wifi come, and when they wifi be n^ed. 

3. To cimte an acceptance of policies and plans by all inter^ted, and 
^ure their cooi»radon toward accomplishment. 

saw little busmen in sight and therefore established expense budgets accordingly, 
then pnw^ieded to trim expend at every hand to meet anticipated conditions. 
Financial leases, in most instances, couH not be avoided without a complete 
depletion of valuable personnel, but such loss^ were kept down within reason 
by adopting restricted expense budgets, and living up to them. 
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4. To determine, deinitely, limits which unll confine expenditures. 

5. To set up a basis of comparisons and checks, which will indicate, 
with the passing of time, the cost of operating performance. 

6. To guide changes to be made in current operations necessary to 
planned objective. 

Varieties of Budgets. The commonest forms of budgets used in 
industry are the master budget, which covers the entire operating 
budget for an enterprise for a given length of time, such as a year; 
and the financial btuigei, which deals with matters of receipts and ex- 
l^ditur^, and which guides the treasurer in his financial operations. 
For instance, the master budget for a concern will show operations, 
f^rhaps, which require considerable outlay for improvements or sal^ 
promotional activities, with little coming in immediately in business 
voluiTO to support this expense. The financial budget will show the 
volume and time of funds needed, and the volume and time of funds 
available, without any particular reference to the purpose of expendi- 
tin^ and receipts. 

For the manufacturing enterprise, the master budget will cover 
the entire scope of the company’s expenditures for a given period of 
tin». It mil be the sum total of a number of divisional or depart- 
n^ntal budgets, and will be based upon an anticipated rate of opera- 
tion, interpreted from business forecaste into actual items of expense 
such as wsg«, materials, and fixed expense. It will also include the 
ix»t of extensions or improvement to plants and plant equipment, ad- 
ditions or redesigns pertaining to the product built, or sal^ and re- 
i^arch pit^ams constituting new undertakings. Thus, we see that 
the items going to make up the budget vary as to the kind of expense, 
and also m to whether the exi^nse is for the continuation of listing 
property and operations, or Ihe addition of new ones. 

For large mMiiif ^turing or operating companies, the budget is built 
lip from a number of divisional or departmental budgets, which, in 
turn, are compc^d of a lai^ number of items. For instance, a manu- 
facturer of industrial equipment would set for the period a “bogey” or 
^timate of sales to be booked, and starting from this point estimate 
profits to be made. Individual and even departmental budgets would 
be prepared for each phase of the company’s activities, including the 
principal operations covering design, production, purchasing, account- 
ing, distribution, and administration. Each of these departmental 
budgets would, in tum, inclucte numerous items covering fixed charges 
such as heat, power, depreciation, and rent, and variable charge 
such as wages, materials, and supplies. All departments would have 
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to include in their budgete a share of the overall company expenses 
due to the cost of such items as administration and taxes. 

The financial budgets for an enterprise will depend on such factom 
as the length of time required to turn over capital. For the builder of 
heavy machinery, many months may elapse after outlay for materials, 
labor, and overhead, before collection of funds is accomplished. 
Again, money may be borrowed, and debts become due. 

The creation of the budget is based upon a familiarity with the 
various items of cost which make up the total expenditures of an 
enterprise or project. As has been seen, costs fall into a variety of 
classifications, but there are generally two main groups — ^those repre- 
senting fixed expenses which change little with the extent of operations 
at a given time, and variable expenses which change materially with 
variations in the extent of operations. Insurance, depreciation, and 
rents, for instance, are considered as fixed expenses for a manufac- 
turing enterprise, since they vary little from year to year. On the 
other hand, expenditures for materials, labor, and transportation may 
vary greatly with the volume of busine^ done from month to month. 

Furthermore, the creation of budgets will depend upon what oper- 
ating expenses have been in the past; at least p^t operations will 
serve as a measure to guide the cc^t of future operations, and where 
po^ible accomplkh greater efficiency in operation. Future plans, 
which may differ in nature and extent from past operations, also are 
a factor in detennining proposed future expenses or budgets. The 
manufacturing enterprise may plan to add facilities or develop new 
products to sell, in which ca^ budgets are created in such a way as 
to include these proposed expense. 

How is the Budget Prepared? There is no set rule as to who 
rfiall prepare the budget in an or^nization. Most lai^r companies 
establish and work throng budget <x>mmittees headed by a budget 
officer, who is usually an executive of the company such as comptroller, 
assistant to the president, or treasurer. Committee membeis often are 
heads of of^rating divisions or departments. The budget organization, 
thus created, is responsible for the preparation^ approval, and enforce-- 
ment of the budget. This r^onmbility points to the necessity of a 
budget officer, in every case, who is in close touch "with the executive 
side of the company. The budget <^cer, working between his budget 
organization and the operating heads, is Ihe one responsible for the 
budget itself and its administration. 

The budget is based, primarily, on estimates that depend for their 
accuracy upon experience, good judgment, and accurate information. 
Forecasts of sal^ must be followed by accurate ^timations of pro- 
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dttction, materials, and labor needed, as well as plant requirements. 
From these, ^timates of expenses are compiled, as well as estimates 
of receipts and payments, anticipated profit and loss, and the antici- 
pated balance sheet for the budget period. The great need for a re- 
siKjnsible officer and authentic information in the budget organization 
can thus be seen. 

The mechanics of preparing a budget differ with methods and 
budget organizations, but an excellent outline of one manner of attack- 
ing the problem is given by Thomas B. Fordham and Edward H. 
Tingley in their book ^'Organization and Budgetary Control in Manu- 
fMture^^ (The Ronald Press Company, New York, 1924, p. 143). 
It follows: 

1. The general manager determines the percentage of profit which is 
d^i^ and which can be expected upon the capital invested in the busi- 

2. The comptroller analyzes the ec^ts of the product, the market, the 
past expense of doing business; sets a quota of the product which must 
be allots the amounts of money which can be spent by the various 
divkions, the imdt of which will be the profit desired. 

3. Tl^ comptroller gives to each division head the ^timates he has 

to cover the activiti^ of that division. Then each division head 
br»ks them down into the departmental needs and expenses when operat- 
ii^ under the estimated schedule. Each department’s expenses are care- 
fully ^timated and the total for that division should equal the allot- 
wmii given by the comptroller. 

4. If the division head believes that he cannot do his full duty and 
ofmrate within fiie amount allowed for the expense in the estimate of 
tlm comptrcdler, he tate up the matter with the comptroller and ar- 

m adJiBtuMit. 

§. Wtei al divMoiaal budgets have been adjusted and sunomarized, 

final %ures are givmi to the general manager, who approves them if 
a^aetory arrf authorize each divkion to proceed accordingly. 

6. ikch division cooperate in its plans with the other divisions and 
aehediira of production are made to coincide with the estimated sales 

7. Ites» are closely watched and efforts made to operate 

ach division so that the actual expense is kept within the allotted limits. 

8. The comptroller compiles a periodical (monthly or quarterly) profit 
and statement in which he sets forth the receipts from the sale of the 
product, the exj^nditur^ made by the various divkions of the busine^ 
and titt rwuitanl pit^, if any. Tim k placed alongade the ^timated 
buc^t figures in a form for ready comparison. 

9. Thk report frmn the comptroller k mit to the gmieral maiiaf^ 
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who reviews it and asks an explanation where any itaa^ of exfiehse ex- 
ceed the allotted amount. 

It will be noted that here the comptroller is the budget officer. 
Naturally, many of the duties outlined are done with the assistance of 
his budget organization or committee. The outline is typical of the 
procedure for a manufacturing company. For a construction company 
or railroad, many items would be different, but as a whole, the same 
general scheme would be followed. 

Although a budget is prepared in advance of its use on an estimated 
set of conditions, th^e conditions may change, and, for that reason, 
no budget should be inflexible?^ One method of introducing flexibility 
into a budget is to make it on both a yearly (or long-term) and 
monthly (short-term) basis. The long-term budget does not go into 
detail, but gives a broad view of the anticipated expenditures and in- 
comes of the various phases of the business, along with the anticipated 
yearns business as a whole. The short-term or monthly budgete simply 
supplement the yearly budget by going into detail on the allowance 
for each phase of the business, but, being of such short duration, they 
can be easily revised and allowances made for fluctuations and changes 
which occur monthly or seasonally, but which are unpredictable over 
a long-term period. It should 1^ carefully noted, as emphasized be- 
fore, that budgets are used only as tools for the conducting of busine^ 
and betterment of an organization. Hence, should impredictable cir- 
ciunstances arrive which completely cancel a budget^s worth, previous 
estimate should be discarded and new ones made immediately to it 
the conditions better. A budget must never stand in the way of prc^- 
rei^, but be changed to assist in that direction. 

It has been pointed out that variable items enter into operating 
budgets. Incoming busing might suddenly expand beyond that an- 
tacipated and provided for in the budget. This incres^ would require 
a material increase in expense for labor and material. If teere were 
a fixed allowance for such items in the budget, and the budget were 
strictly adhered to for the period, it is obvious that profitable incom- 
ing busing would have to be refused for the sake of adhering to the 
budget, which is a foolish procedure. Such conditions as this have M 
to the mioption of variable expense factors in the budgetary system. 
Instep of fixed amounts being ^tablished for variable items in the 
budget, th^ items are made flexible as to amount and depend upon a 

i^Iteference: 'The Variable Bud^t in Management by Exception,^ Fred V- 
Gardner, Factory Management and Maintenance, November, 1987, p. ^7 (Part I); 
JDe^ndber, 1^, p. 68 (Part IE). 
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UNION PACIFIC RAILEOAD COMPANY 

GENEJLAL BALANCE SHEET— A^ETS 
DECEMBER 31, 1937 
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EORTY-FmST ANNUAL REPORT--1937 

GENERAL BALANCE SHEET— LIABILITIES 
DECEMBER 31, 1937 


Capital stock , 

Common stock ^22,302,600.0) 

Preferred stock 90,602,980.79 

Total Capital Stock $321, 9(Mi, 480.79 

Ftmded BcM 364,963,010.00 

Total $676,868,490.79 

Grants in Aid of Constniction $4,754,683.37 

Honnefotiable Debt to Affiliated Companies $6,376,706.75 

Cmrent Liabilities : 

TBAFUC and cab SEBTICE BALANCIK PAT ABLE $1,236,791. W 

AtTMTED ACCOUNTS AND WAGES PATABLE 9,1^,006.63 

MxSCEUtANEOUS ACCOUNTS PATABLE 804,399.26 

Intebest matubed unpaid: 

Coupoxis matured, but not presented 84,168.31 

Coupoxm and interest on roistered bonds, due first proximo 4,032,140.20 

Diyidekbs matured unpaid: 

Dividends due but uncalled for 117,034.46 

Extra dividend on common stock declared January 8, 1914, payable to 

stockholders of reccM-d March 2, 1914, unpaid 122,861.76 

Dividend on <N)mmon stock payable third proximo 3,334,3^.00 

Funded debt matured unpaid 175.00 

DNMATUBED INTEBBer ACCRUED 1.6^,003 07 

Dnmatubed bents accbued 371,946.CB 

Other current mabiutibs 272,111.09 

Total Current liabilities $21,697,990.79 

Deferred liabilitiM: 

Other deferred uiABiLmES $8,043,174.13 

Tax tjabtutt 7,776,109.00 

Total Deferred Liabilities $15319,283.13 

Unadjusted Credits: 

Premium on funded debt 1^668.^ 

Insurance reserve: 

Reserve fcR’ fire insurance 8,CM),482.62 

Reebrve for depreciation 111,661,138.44 

Other unadjusted cbeditb: 

Con^n^nt inter»t 2,179,910.60 

MkceUaneous items 2,844,37©.51 

Total Unadjusted Gre<Mts $124,4^,571.04 

T<^Liab»i.es 

Appi^PRarATED FOR additions and bettermests $30,733,178.01 

ReHERVED for DEPRKTATION OF SECfUBITIBS 34,972,570.88 

PUNDK> DEBT RirilRED THROUGH INCOME AND SUBPLUS 667 ,788.IW 

i&NEOiG FUND RB5KETES 100,000.00 

Total Ai^prc^priated Sarplas $66,473,537 .55 

Ek^aiid.Loas — Ckedxt Balance 

Total Surjfat. $317,357,202.41 


As this eonsc^dated balance sheet excludes aU intEtmmpany items, securities of 
the Lrf» Angeles & Salt Lake Railroad Company and The St. Joseph and 
Grand Railway Company owned by other System compames are not 

induded. The <Rfferenoe between the par and face value of such s^nintie* 
aa carried on the books of the imming coxnpanies (lesB unextlnguiBhed discount 
on bonds and discount cjuunsea to Profit and Loss but added back^ in 
<M>iiaolidaring; the accounts) and the amounts at which the securities are ourried 
on the books the owinniC companies hi set up ha* to balanoe $39,565,199.74 


Grand Tirtal. .. . 
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ratio or percentage of total busing done. Thus with flexible items 
in the budget providing for expeditures which vary with volume, ex- 
are held in a prof^r ratio to receipts. 

Some companies pursue a practice of recalculating the entire sys- 
tem of budgets at short^ inten^als to make them conform to current con- 
ditions. Formulas are generally employed, by wdiich the budget allow- 
ances are revised to fit changing market conditions, w^age scales, 
eoninwlity prices, and other such variations. Such arrangements of 
flexibility are the only sensible systems of budgeting. To refuse to in- 
crease selling ex|»nse allotments and production allotments in the face 
of m unexpected increase in market activity would, indeed, be a fool- 
tiarfy application of budgeting. 

Ewbeikck ok the Study of Budgets 

KiifiK, ^'Control of Plant Expense Through Variable Budgets,” Society 
/or the Admncimemi of Management Journal, July, 1937, p. 104. 

Mnxm, ** Budgets for Maintenance,” Factory Management and Mainte-^ 

moMce, I^cember, 1^, p. 58. 

: Kl«k, ^‘Getting the Mc«t Out of Budgeting Control,” Iron Age, Februaiy 

f, im, p. 33. 

A, A. •'Jd>-Order Plants, Too, Can Budget,” Factory Management and 

Mmmlemmm, September, p. 62. 



CHAPTER VIII 


THE REQUIREMENTS OF THE USER 

THE ULTIMATE PURCHASER 

It might appear more logical in our study of the economics of 
technical products to start with the product itself and follow it through 
to the user. However, design, manufacture, and distribution are all 
arranged to give satisfaction to the met through service. Likewise, 
the economic unit is supported by cmmm'ption^ and any manufactur- 
ing or service-producing company depends for its existence upon its 
customers. It is most important, then, that we imderstand the in- 
terests and characteristics of the ultimate purchaser, and it is with 
reference to him that this chapter has been written. 

The demands that are made upon a supplier are dependent upon 
both the class of ultimate customer with whom he is dealing and the 
equipment that he is to supply to this customer. It is necessary, then, 
to make a study of both product and user in arriving at the require- 
ment of the ultimate purchaser. Goods may be of many varied 
classiications, and the requirements demanded of them by the ultimate 
user are still more varied. Only by a knowledge and accurate defini- 
tion of th^ classifications is it po^ible to state intelligently what 
the ultimate user will require. Important, likewise, are the many 
points which the ultimate purchaser considers before he makes his 
decision whether to buy or not to buy, or what to buy. Various classes 
of purch^ers will hold different viewpoints in bu3ring. Such matters 
will be consideied in this study of the requirement of the ultimate 
u^r. 


CONSUMRTION 

Consumption is one of the hig factors in the study of the require- 
ments of an ultimate user, and it is necessary to define accurately just 
what it is. We know that production has for its final object the sup- 
plying of products or services to m^t the needs of the ultimate user 
or consumer. Where production armies utilities, use or consumption 
destroys them. When goods are destroyed for no good reason or ser- 
vice, then utility is lost, but when goods are destroyed to create that 
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satisfaction which thej are able to produce, we say they are consumed 
— mm though the proce® of consumption may extend OYer an ap- 
preciable fxriod of time. 

Habita of consumption are constantly changing. In days past, 
people guarded their consumption carefully and made things last just 
as long as possible. It was thought good sense to buy a buggy, suit 
of clothes, or a simple tool with careful consideration of how long it 
would last if given good care or proper maintenance. Today, con- 
sumption is not guarded so cicely, because of a constant desire to have 
the be«t and lat^ and because of the constantly changing and improv- 
ing prwiucte. 

This chan^ in Hie habits of consumption and in the requirements of 
vmr has, in a few cases, been uncalled for, but in the field of capital 
or durable gwMls, specially, it has served to raise the standard of 
Anglican living greatly — for which the change must be commended. 
Tmt many pwiple live beyond their means in trying to keep 

|»ce with their nei^bors: for instance, in wearing only the latest 
styles, pc^^ing the latest household gadgets, or having the largest 
aunsber of ears; but, on the other hand, this urge to keep up with the 
c^ers has accounted, to a great extent, for the rapid acceptance of our 
Hwieni fomw of power, transportation, and conamunication ; and their 
rapid acceptance has resulted in their being furnished at cheaper rates 
— all of which mak^ these service and products available to still 
libers farther down the wage scale. Thus has the change in consump- 
habits rai^d our standards of living a great deal and served to 
iimie life fuller, accoixiing to accepted standards, for more people. 

CLASSIlCATIOlf OF QOOm AND PHOD1TCTS 

gmA md continually increasing in number and 

tte clairaes of purchasers likewise growing more 

auMinTO, it m not a simple matter to classify Hiem all accurately, 
^leh m have ^exist^ relate to the goods themselves, the 

» wbkfa cxkte for them, or to the methods of distribution. 

we mmf of madiineij and '^uipneiit as relating to a 
claw of pi0di»l, yet at Ihe same time some items of apparatus in- 
cli^^ ift ^tegwy mmf mko be clas^fied ao^rding to toe particu- 
Mttel, m im himsehold applianm, becau^ toey form 

m iUm tor m& m iMroe; cc, a^in, they mi^t be clarified as 
feewwie »m »ld throng iEW<diandising metoods. 
It fe tfwa, toal toe ctosrificaHon of gowis is an involved and 
to mf toe ie^. 
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Some general classifications of products will assist the engineer in 
obtahiiiig a better conception of the Tarious groups of products and 
purchasers. In order to understand the various classifications and 
the basis of each, the following classes will be defined and elaborated 
upon somewhat: 

1. Capita! goods, as related to consumption goods — a basic clarifica- 
tion concerning the goods themselves and also their use. 

2. Raw material. 

3. &mi-manufactured products. 

4. Manufactured or finished products. 

5. Industrial equipment. 

6. Supply equipment. 

In each of these classifications are represented goods uix)n which 
definite requirements are made by the ultimate user, and it is impor- 
tant that the engineer be able to recognize the characteristics of th^ 
classifications. 

Capital Goods vs. Consumption Goods. All goods can be divided 
into two general classes measui^d by their perrrummcy. Briefly, tihese 
may be termed “capital or durable goods” and “consumption or perish- 
able goods.” 

Capital or durable goods have a high degree of permanence, ^ and 
aie purchased as an investment with tiie idea that a return from them 
will extend over a considerable lengih of time. In this class might 
included buildinp, bridges, locomotives, power plants, shi|B, factori^, 
machinery, and permanent household and farm equipment. 

Consumption or perishable goods are th(^e which immediately or 
soon p^ out of existence in the hands of tibe user, such as food prod- 
ucts, clothing, gasoline, (x>al, oil, and chemicals. 

It may be diflScuIt to draw the line between the two classes in re- 
^»ect to (^rtain products. This m particularly true because the rapid 
progress in improving certain claves of durable goods causes them to 
be “outmoded” long before they are “outworn.” Items such as auto- 
mobiles, household appliances, and household heating systems fall into 
this class, but they should stil be considered capital or durable goods, 
in spite of the fact that the^e is a distinct tendency to replace them 
before they are worn out, owing to rapid improvements and the pres- 
sure of sal^ promotion in making us “style conscious.”^ 

* One of the in(^ striking examples of rapid repkcement of durable goods is 
found in commercial airplane. Today, advancement and unprovement of air- 
loew are so frequ^t that airplatt^ on commwial airlines are being reMred 
from ^rvice not because they are worn mit, for no machine receives better 
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Durable goods are usually classed as a capital inTestment, though 
they depreciate in value as tinie elapses. Consumption goods are those 
wliidi are looked on as constituting “running expenses” and must be 

coatiniially replaced.® 

Other than the general considerations that have been statedj there 
is really no deinite rule by which we can define the difference between 
capita! or durable goods and consumption goods. Goods have been ar- 
bitrarily classified, sometime, as durable goods if their life is more 
than four years, during which time they are capable of meeting the 
r«|iiireiiients of the user. Such limits between the two classes of goods 
are purely arbitrary, however, and exceptions are sure to exist. An 
automobile miglit last for twenty years or more if it were run but five 
tiiousand miles per year— and then again, it might last but twenty 
months if of^rated fii’e thousand miles per month. Certainly it is 
not true that, in the former case, the car is durable goods whereas in 
the latter it is consumer gcM>ds as our four-year definition would 
indicite. 

Raw Iftterkls, All goods or products may again be classified 
acwrding to the ammnt of processing to which they are subjected. 

Rmw maiermh are those w’hich exist in their natural state, examples 
being iron ore, coal, eotton, logs, crude oil, and rubber. No appreciable 
amount of labor has l^n expanded upon them. For raw materials re- 
quiring mining aad luml^ring in order to free them for use, labor is, of 
course, necessary, but it is hardly considered processing labor. Haw 
notierials are, therefore, that class of goods upon which there must be 
l^rformed the greatest amount of proce^ing before they arrive at a 
stoge of consumption. Frequently, raw materials in the industrial 
world aaist in the manufacturing of co^nsumable goo-ds, rather than 
teiBf pwluced primarily for direct consumption. 

Tie KMiree of mw materials is important in more ways than one. 


e, tai rimpiy l)e«aae they are outm'Oded and beeair^ ‘^competition 
* m » mmm smomg tbe princiiml airline tJiat mch b ^jrambling to be 

with the mmI Hii»t modern sM|b. As improvements become leiss fre- 

tliM ii%fc fate will pioiably come down, since planes are built 

to »iici !«#» Aan rtyfe has dictated. 

* Ffw tl» ittiiTMttilt a hcfflae rc|»esents a capital expen^diture— likewise a new 
hftttittf fwmw, merhaniial lefiigemtor, or WBAmg machine, but the food con- 
or cloite worn «ne items ol cmnent exp««. 

tay kwBsotivw^ cmeh^, and teck-^maintenaiice equipment, 
wttcl we a |»it of mi^, bill the mpplte such as paint, lubrimnts, and 
fwi mt iicWrf^ia tite op»»i erf tteir opemtion. 

Hie textite mil m mm of looo» which abo m a capital expm- 
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Often it determines the location of an industry, especially if materials 
are the type that lose considerable weight in processing and bear a 
high transportation rate — in which case it is advantageous to locate 
the processing plants near the source of raw materials, if sufficient 
power and labor are available there. Raw materials often are difficult 
to secure, or are obtained only from foreign lands. They are a class 
of goods that must be given great study by the engineer in setting up 
a manufacturing or processing unit. 

Raw materials are generally purchased in large orders. Those 
originating in the forest or the mine are generally purchased directly 
from the producer, although middlemen like selling agents and brokera 
are sometimes advantageous if the raw materials are widely scattered 
or available in many grades and forms. 

Semi-Manufactured Products. Another class of goods that is 
classified by the amount of processing which has been done upon it is 
semi-manufactured goods. 

Semi-manufactured products are those which have been processed 
and are available for manufacture mto finished products, such as pig 
iron, steel, lumber, spool cotton, fabric, bolts, and paint. The char- 
acteristics of such products are usually indicated by specifications in- 
cluding such items as dimensions, weight, and chemical analysis. 

Thousands of other examples of semi-manufactured goods may be 
found in industry, today, since any part, or any product, which is 
finished in itself but is yet to go into and become a part of another 
product, falls in this classification. For instance, even the completed 
generators and valves and ignition systems are really only semi-manu- 
factured goods when they are yet to go into an automobile as com- 
ponent parts of that product. The parts that are made up for a new 
refrigerator, such as the motor, compr^sor, pipes, and freezing trays, 
are all semi-manufactured prcKiucts because they are d^tined for 
further preening before tiiey are ready for their ultimate use. Such 
proofing consisls of assembly. 

Semi-manufactured products are often purchased from a source 
ouMie the concern that do^ the final processing which makes them 
usable. For instance, a manufacturer may make all the screws, nuts, 
Imlis, and washers that go into his product, but the chance are tibat 
he will buy them from a concern specializing in their manufacture. 
Likewise, washing-machine manufacturers may buy the motors and 
other electrical equipment from specialists in these lines. The manu- 
facturer must make certain that tibe semi-manufactured products that 
he buys are of as good a quality as he intends his final product to be. 
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Mamifactiired or Finisked Products, Such products are the final 
and iiltiinate class in considering our classification of goods. Manu- 
factured or finfoiied products are those which have been completely 
proc€s$€d or fabrimted^ and are ready for final use, without the ex- 
peniJiture of further labor other than that required to locate them so 
as to be used. 

There is little need for example of such products since anything 
that may be bought .ready for use falls in this category. The auto- 
mobile that we purchase is completely processed to the last operation, 
and is definitely a finished product. When a mechanical refrigerator 
is purchased and put in place, we have only to plug it in to the power 
supply, fill its freezing trays with water, and it goes to work. The 
proWem of properly situating a new machine tool may be more com- 
ply, but the pmduct is just as much complete and finished as the 
automobile or the refrigerator, and hence should be classed among 
the manufactured or finished products. 

The manufactured or finished product may be the result of proces- 
iing many rati? materials^ and may have in its make-up many semi- 
mmufmciured products, all of which have been brought to the point 
of playin.g a definite part in being useful. 

lainstrial i^aipinent. Industrial equipment usually includes the 
large variety of item which are needed to perform the various func- 
tioiis of manufacturing and distributing. In this class may be in- 
cluded machinery of all ^rts, tracks, ventilating apparatus, adding 
machine, and so on. Similarly, the terms agricultural equipment, 
kmgckdd €<piipmmt, minirng equipment, and transportation egutp- 
sipiify piwiuets Imsed upon their fields of use. 

Hie main difference between equipment and semi-manufactured 
m that equipment (wbettier it be industrial, agricultural, house- 
hold, miniiig, tom^portatkm, or what not) is. used to assist in further 
Iwt i^ill not he(^rm a part of the finished goods, 
whit mMt-wmimimiMred goo(^ go to make up a permanent part of 
the piMimi 

the fact equipment does not beron^ an actual part 
•f a inishrf prwii^ M m no important in the building of good 
or the iKiileriiig of ^xkI ^rvie^; and the better and more 
^wipront, ^e better diould be the finkh ed product or 
ice. Il k very necttMoy, to choc^ carefully all productive 
» mdke iwtain &at il k .^md aIwa3rE avail- 

for 1^. Thk M fart MKiher functicn for the engmeer to study 
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Supply Equipment. Supply equipment usually includes minor 
items which are found necessary in processes or in the maintenance of 
equipment, such as belting, hose, wire, hacksaw blades, hand tools, 
cable, lubricating oils, electrical plugs, soekete, and lamps. 

Some similarity between supply equipment and semi-manufactured 
products appears, if one considers as supply equipment some of the 
parts that were enumerated as semi-manufactured products destined to 
become component parts of the finished product. HoweTer, the semi- 
manufactured parts usually refer to parts which become a fixed part 
of a finished product. Supply equipment might be termed auxiliary 
equipment, in a sense, whether it becomes a part used in some of the 
processes of production or serves merely for maintenance of equipment. 

TECHNICAL PEOBXICTS 

Technical products are a class of goods that must be given much 
thought and consideration since they represent so wide a variety of 
products of various subclai^ifications. 

Technical products may be defined as those products which re- 
quire in their design, manufacture, maintenance, and distribution a 
high degree of engineering skilL^ Such a definition should be qualified, 
however, by the statement that in recent years a sul^tantial share of 
technical products has been sold to the individual, and as such has 
been merchandised much in the same way as consumer packa^ gocwis, 
no high degree of engineering skill being required in the actual market- 
ing. For instance, domestic mechanical refrigerators, washing ma- 
chine, automobiles, radio receiving sets, and oil burners, although 
technical products requiring engineering skill in design and prwiuction, 
have become so common and acceptable that their distribution falls 
into the cl^ of merchandising specialties, little more complex than 
that of house furnishings.^ Engin^ring skill in d^ign and manu- 

^Refereiw^: “Changing Demands on Mie Technical Ofadimte; De^n, Sa^- 
Yicing, and Selling Technical Prodncts,"^ by B. I^sfcer, Journcf of Engineering 
EdMcation, January, 1937, p. 422. 

^ How often we have heard such joking remarks as — bought that car be- 
cause it has a new-type cigarette lighter — or a split windshield — or good-looking 
upholstery” — or some other such trifling item. And yet, how true it is that cars 
are today all taken pretty much as a matter of fact with little regard for per- 
formance by many prc^peetive buyers because they have learned to have confi- 
dence that (airs are all built well, and are efficient and roadworthy. It remains, 
then, for many to be on such trifies as thc^ mentioned or perhaps by out- 

ade appearance of the machine or even by a pleasing answer to the qu^ion — 
^Tlow much will dhe do?” Such traits are actually foimd among prc^pective 
automobile purchasers today, even though the machine they are contemplating is 
highly technical in itself. 
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facture lias responsible for this to a considerable degree by 
fumishiiig a product 'which is extremely simple, efficient, reliable, and 

attractive. 

CkssiicatioE of Technical Products. Man, in his primitive state, 
obtained from his natural surrounding his simple wants in their 
natural state. Civiliiation has diminished the availability of these 
elements in a pure state, and much of our equipment today is neces- 
sary to regain them, or to furnish them to meet our artificial needs. 
The fiiraishing of clothing, water, food, and light constituted, 'until 
the pmsent cent'ury, a considerable share of our demand for technical 
pn^uets, but to th^ have been added, through the skill of the en- 
gimmif a continually expanding list for a multiplicity of services. 

So many and m complex have become our demands that it has 
b^n felt wise to classify technical products in order to study and 
understand them. Below are listed the principal classes of machinery, 
equipn^nt, and appliance constituting technical products: 

Household appliances: 

Heating, cooling, and ventilating system appliances. 

EelrigeratoiB. 

€lotl«s washers. 

Oothcs iroaera. 

Elect he and gas rang^. 

Dish washera. 

Sen'-ing machines. 

Eadio r^^viBg sete. 

Taciiim cleaners. 

and heating appliance, etc. 
tmM ««i appIkii'C^: 

tocAi. 

w^iers. 

I^Aae pmnpB, ete. 

Cttce tiri shop Ep^iaa^: 

Writli^ madiTOS. 

CWi i^kteis, 

CMciktii^ aai soitiag machine. 

BepRidiMag nMchinm. 

F«k 1 and slicing mschn^, etc. 

aai t»ste appianc^: 

Biigkal 


•, ete. 
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Agricultural macMnery: 

Soil preparation equipment. 

Harvesting equipment. 

Sorting, grading, spra:^ing equipment, etc. 

Power macMnery: 

Steam turbine and engines. 

Internal-combustion engines. 

Water wheels. 

Boilers, condensers, stokers, powdered coal and oil burning equipment. 
Electrical generators, transformers, switchboards, control, etc. 
Construction machinery: 

Shovels and dredge. 

Hoists and derricks. 

Concrete mixers, road machinery, etc. 

Transportation machinery: 

Automobiles. 

Trucks, buses, street cars, etc. 

Locomotives of all types. 

Marine equipment. 

Airplanes. 

Elevators. 

General Industrial macMnery: 

Machine tools. 

Woodworking machinery. 

Pumf^, 

Compr^ors. 

Fans and blowers. 

Refrigerating machinery. 

Electrical apparatus. 

Material handling equipment. 

Foundry macMnery. 

Bust collecting, heat treating, humidifying equipmente, etc. 
Specialised indiMrial machinery, peculiar to the proce®es of S|«cmli2^ 
industries: 

Coal and metal mining. 

Chemical plants. 

Food procming plants. 

Paper and pulp mills. 

Textile mills. 

Cement, rock, and clay-working planfe. 

Rubber and leather manufacturers. 

Printers and publishers. 

Sted mils. ' 
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Interests of the Engineer. In the field of technical products, the 
engineer is found to be interested both in capital goods and m con- 

gumption goods* , , .i 

The t^k of selecting the points of greatest mterest to the engineer 

in the capital goods field is not a difficult one, since such goods require 
a high degree of technical skill from their creation to their distribu- 
tion and installation. The interests of the engmeer m capital goods 

relate to: 


|i baf»grn 0f toe ©quipment or structure. 

Mmnimtme or coBstmction. ^ ... 

Ifetributicu— where toe product is that of equipment requirmg engi- 

neerii]® appticatlon ^rvice. 

Operaticsi and maintenance. 

The engineer’s interests in consumption goods relate primarily to 

development, processing, and manufacture, since distribution usually 
involves only commercial problems. In the public service industries, 
such as the manufacture and distribution of power or the furnishing 
of transportation, since the service rendered is of a highly technical 
nature, furnishing these services is usually directed by technically 
Gained men. The distribution of such services, unlike most consumers’ 
services and products, is highly technical, involving account- 
ing practice, and a complicated rate structure requiring a high degree 

of technical skill. . , , 

Hie Purchiiser’s in Teclmical Products. With the rough 

of vaiious class^ of products before us, let us now examine 

toe ffiterrats of toe purchaser. 

Tl» h^ always been qualified to take a great interest 

in products, which a generation or so ago were decide^y 

a Hie public knew Kttie of the construction and operation 

of aiMi m unierstanding of it was left largely to the engi- 

Onditions have greatly ctoanged since then, however, and 
IffS imxmd a part of toe life of 'the average individual. 

airplaiie, telegraph, radio, electrical and mechanical 
aifiimcm, and many other developments have had a pro- 
found Our system® of production have brought vast armies of 

OTT wto nwuufacteing and servicing plants where they come 

into in^wito ©omtoct with machinery. Other large groups are engaged 
to wl»fe toey come to contact wito apparatus and the 

of towwd it T^rcrngh promotion and adverfe- 

tog, tfa® |»Wic in gawtrf has bem ^ueated to recotgnuK toe technical 
of Moducts, and toe ultimate has- learned by 
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experience and contact with apparatus both its characteristics and 
value.® 

All these influences have brought people and products of a tech- 
nical nature very close to one another. Not only have our habits of 
life been altered through the use of such products, but our attitude 
toward them has radically changed. Since we are in daily contact with 
them, those characteristics which concern human relationships, such 
as form, color, ^ quietness in operation, cleanliness, convenience, and 
safety, have come into prominence. No longer are the interests of the 
purchasers limited to technical performance. 

Manufacturers of package goods have been quick to appreciate 
the value of eye appeal, shape, form, and color, in merchandising their 
products. Not only has this agisted in identifying the particular 
make of product, but also, through an application of the laws of 
psychology, an attitude and habit of mind favorable to the product 
have been built up in the mind of the prospective purchaser, so that 
a distinct desire for possession arises. When the purchase is made, 
the purchaser experiences a feeling of pride, which results in a par- 
ticular interest in the purchase and undoubtedly causes it to receive 
the best of attention, thus adding to its life and usefulne^. 

An interesting example happened several years ago, when house- 
hold equipment was emerging from the stage when it was regarded as 
“machinery” to the stage when it is regarded as an “attractive utility.” 
Dom^tic electric washing machines were originally unattractive, un- 
safe, and rather unreliable. They employed exposed gears, shafts, 
belts, or chains for transmitting power from the crude elwtric motor 


degree to which one honsewife had been edtKmted in the technical 
products she uses was observed recently in a large electric^ appliance store where 
numerous electric refrigerators were available. By reading the advertisements — 
and evidently by further and deeper ^dy on her own imrt — the young wife not 
only was able to tell what refrigerant was used in each different make of machine, 
but she further had facts on the characteristics, advantage, disadvantages, and 
dangers of each. She was definitely in a more ^vantageous portion to make a 
wise choice than she would have been had she no knowledge whatever of re- 
frigerators and refrigerants. Naturally, this is not the rule, but it is evidence 
that, at least in part, the bu 3 dng pubjic is growing techni<mlly minded — much to 
its own benefit. 

® Color is becoming of increasing importance in the acceptance of technioil 
produd® for the home, of&ce, store, and even the factory. One recent color 
preference study has shown, for instance, that men prefer blue, red, violet, and 
orange, in the order named, while women prefer red, blue, and violet, in that 
order. White or li^t-tinted shad^ are usually a^ociated with cleanline^ and 
are offe^ chosen for finMiing equipment used m the preparation of foods. 

Referoace: “Des^ers Should Know Color Pisycholc^” I^vid Donovan, 
September, 1938, p. 32. 
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to the washing tub and wringer. One indmdual, unfamiliar with 
the business of building and selling electrically driven washing ma- 
chines, seized u^n the idea of building and selling a machine which, 
for the period, was considered teautifuL A company was organized 
which went into the business in a lai^e way. A machine was designed 
and built employing much the same features as were put into other 
machines of the day, but the body of the machine was completely 
paneled and l^autifully painted and decorated, carrying to the house- 
wife the message of happiness in eliminating the drudgery associated 
in her mind with washing clothe. The machine was promoted by 
elaborate and beautiful advertising material 

After »veral thousands of these washing machines had been sold 
in a certain middle western city, a check was made upon several 
hundred housewives, selected at random, to learn the attitude of the 
individiial purchaser toward the machine. It was found that in spite 
of the fact that in many instance some trouble had been experienced 
with the ofwration of the machine, the housewife had a surprising 
degree of pride in it, and invariably the machine had been treated 
more like a piece of expeMive furniture than of basement machinery, 
and the greatet care had been taken in keeping it clean and neat. 
ITie washing machine had t^n displayed with pride to neighbors 
and "i^itors, and had evidently added greatly to the self-esteem of 
the purchaser. 

Ik|uipment not so closely a^ociated with the individual has been 
©>iiig through this same proce^, and the work of the individual artist 
m in loconwtiv^, buses, airplane, ships, air-conditioning appara- 
te, (Mm equipment, and now in factory equipment. 

* The piirchMeris interesis are, iherefore, both rational and emcn 
immi^ and an appreciation of the degr^ to which these factors pre- 
dommate in the acceptance of a given product is vital to the engineer 
in d«i^ and manufacture. Rationalism deals with factors 
of |«ioiiiiaace, whereas emotionalism deals with factors relating to 
acceptance. Pride in ownership is largely an emotional factor 
«ii iteppiik to an increMing extent upon ap'pearance as eonteasted to 
^rforiMynce of product. 

It W€Mld probably be quite safe to amime that a great part of 
*&« buyiag of coosunKrs’ goods is done from the emotional and per- 
hapi cviM habitual iwtin'dB, Mc^ of us are prone to wei^ none 
»iioi»ly toe more important factors that have to do with our 
of wjnsiHTOTS* goods since their value is not so great as that 
of dmmble and since, too, it is not so easy to delve into the 
aMwe rmlimal caijww for our purcha^ of such goods. Also, we know 
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that we are protected, in many cases, by statute and in other ways 
as to the quality of goods consumed, especially in respect to fcx>«^ 
and drugs. On the other hand, in the purchase of durable goods, m 
machinery and equipment, where too we are affected by emotional 
appeal, many buyers have no means of determining the quality of 
the product and can often be led astray by technical arguments pur- 
posely framed to mislead the uninitiated. 

Examples of Purchaser’s Interests. In order to illustrate and 
furnish suggestions for a further study of the various interests of the 
purchaser in different classes of equipment and machinery, we will 
select some typical examples. 

In studying these, as well as other examples, it will be found that 
the interests of the purchaser ^ can usually be grouped under the fol- 
lowing four headings: 

1. Capacity, of the pi^ of equipment selected, to do the work or 
render the service for which it is intended. 

2. Performance in operation. 

3. General physical characteristics — characteristics, having to do par* 
licularly with himian relationsMis. 

4. Price, terms of payment, availability, guarantee, service facihti^. 

It will be recognized that items 1, 2, and 4 are primarily interests 
aroused by rational reasoning and thinking, whereas item 3 is based 
on the taste and feeling of those who own and use the equipment. 
If all purchasers could be wise enou^ to employ both rational and 
emotional interest in their buying, they would imdoubtedly be re- 
warded by a great deal of satisfaction with their purchase. One 
cannot buy on rational appeal alone, for, if toe daily use of toe item 
is not pleasing to toe emotional instincts or ^n^, even superior 
performance cannot make up for tois lost feeling of pride and satis- 
faction; this is especially true of an article used personally by toe 
buyer. Naturally, toe purchasing agent of a concern would not be 
seriously troubled by this factor, in industrial buying. 

Example of a Machine Tool Pmrchaee, Let us a^ume toat toe 
superintendent of a metal-working plant is in toe market for a ma- 
chine tool. He has already determined that it is economically wise to 
purchase a tool, and has decided upon the class of tool required. 

The qu^tion before us tak^ the form: What are the most im- 
portant factors that particularly interest toe superintendent in de- 


’E^earence: "If I Were a Motois/ J. W. Ekctrmd 

iactnimg, Fdbraary, 1^8, p. 29. 
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termmiiig lie make of tool to buy? We may realize that such a 
purchwer is very much more likely to allow his more rational interests 
to rale, and in the purchase of anything such as a machine tool it 
is well that this is so. The factors that will probably be of most in- 

to him are: 

Perf&rmame fmtorM: 

Ability to handle materials to be machined. 

Adaptability to other cla^^ of work should reqmrements change. 
Accuracy of work to be done. 

Efficiency in use of power. 

Efficiency in avoiding Ic^ of materials. 

Efficiaacy rega-rding cost of upkeep. 

Degree to which machine operate automatically. 

Cai»city to hajcdle work intended. 

Exceffl capacity availaWe at some future time if needed. 

Pk^mid focton: 

We%ht, fflie, and shape — ^with regard to floor space, installation cosis, 
mnd Imdroom. 
ffmmm rdMwmhip factors: 

&fety of machine in use, protection against life, limb, and property 
Injury or damage. 

C^nliaffls of machine in ^nrice. 
operati<m. 

CcmvenMsce of machine in hands of operator. 

Altiietiv«i^ of machine — outline, finish, and color. 

% mpplmr: 

Warn, 

Tenw of ptjiiMil. 

ChmanlK. 

lepita&m aai record of performance. 

If wipaiateodmi weie to be ^ven a satisfactory and pleasing 
WWW to of tfa^ points of inquiry by some machine tool 
r, vwy likely there would be little reason for his needing to 
fiathw fw his naachime. If there should be several compietitors 
fir th» lwB»o», machine tool dealer ihat offered tiie most satis- 
f^tey mmmt to mch point brou^t up would pro-bably be the 
ftTOiwl A nadhme tffiat m un(xmiinonly attractive on a 

fm of li» pjiate dc» wi seH m well, p^aps, m the machine that 
» f«ii% at^ctive f iwn wwf pwnt of = 
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Example of an Electric Household Eefri^erator Purchase. We 
have just considered the factors that would probably be of greatest 
interest in the purchase of an industrial piece of equipment. Now, 
let us turn to equipment of a household nature and compare the 
factors of interest with those of the previous purchaser. It is assumed 
that a woman has decided to purchase a mechanical domestic refrigera- 
tor. If she were to purchase this appliance intelligently, she would 
consider such product characteristics as these: 

Performance factors: 

Ability to prepuce and maintam suitable temperatures in food chamber. 
Abilty to produce ice. 

Time required to obtain these operating conditions. 

Ability to prepare de^rts, or other special services. 

Economy in the use of power. 

Degree to which the machine operates automatically. 

Freedom from repair or the need for maintenance. 

Capacity: 

Capacity of food space. 

Capacity for maldiig ice. 

Physical characteristics: 

Weight. 

Size — floor space, height, and depth. 

Safety: 

^fety from electric shock, from gas leakage, from food spoils, frean 
injury from projeetiog parts. 

Converdence: 

IxKjation of food chamber. 

Adaptability of food chambers for varioiB shap^ ardd^. 

Adjustable food shdves; doors earily opened and shut; illumination 
•within food chamber; ease in rmoving ic^; convenience in cleaning 
intemaliy, externally, and the floor; Mse of control and defrosthi^; 
indicadon of tonperature; etc. 
operation: 

3&mty of ■(mdMm — (Mimr mi fmkh: 

Durability of finish. 

R^ktance of interior to stains. 

CondUiom established by mppim: 

Prioe. 

Terms of payment. 

Guaranty. 

AroMnli^, 

Service facililieB. 

Supplier’s reputation and record rf peiformaii*. 
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It is recognized that an intelligent purchase of a refrigerator for 
the household is not too unlike the purchase of a machine tool for an 
industrial plant and that many of the same points should be brought 

out for consideration. 

It would be an interesting experiment to analyze the points that 
the average housewife consider when she picks out her refrigerator 
and to see w’hat percentage of purchasers — be they either men or 
women— really go about their purchasing from a logical viewpoint as 
outlined Bbove. The data on such an analysis would probably show 
that a few do go about the purchase of a new refrigerator as sys- 
tematically as ttiis— like the young lady mentioned previously for 
her uncomiiionly full knowledge of refrigerants — but many more un- 
doubtedly buy from the emotional urge of the refrigerator's streamlin- 
ing, its effective advertising, or just because the neighbors are well 
pleased with one of the same make. How’ever, the refrigerator is like 
the automobile in that it is now fairly well standardized in per- 
fommnee; hence the results of buying from purely emotional rather 
than rational interests are not at all disastrous since satisfaction is 
fairly assured in most popular makes today. 

Emmple of the Purchase of Trolley Buses. Let us consider a city 
that is changing fiom street cam, on its surface lines, to electric trolley 
coaches. What are some of the considerations that would interest city 
faaetion engiiieem, in the wise selection of coaches? 


Peepormance Factors 

Eatii^ and clmracterislais of traction motors — speed; ability to maintain 
rfirfufe; perfofinaa^ cm grad^; ability to withstand overloads; ventila- 
toa; mainteimnce requirements; smoothU'^' of operation; 

Iron diet, dirt, and weather; acc^ibility; ease of changing 

and gmis. 

in tl« of^imtkm of coach. 

MwiteKi»e — of maintaining; fr^uency of mamtenance required; cc^t 

©f 

Uarfii ife of wpripmentr— how long will the motor, body, tires, and acc^- 

wiM .tell 

ei opeimticHi — in ccm^sted traffic; number of operators' needed, per- 
in p^ing mxs or cm ascending and descending grad®; ability 
to anal curb for loading. 

lowl liweteiatkii — smoothness; is it sufficient to mAintjam sched- 
uta? Is imte of «»teatlcin and de<^emtion a hazard to traffic? To 
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Ability to witbstand accidents— effect upon equipment of shocks from side, 
front, or rear. 

Effect on other equipment — ^is coach damaging to trolley wires, trolleys, and 
other overhead equipment? Does operation cause radio interference? Is 
it damaging to street surface? 

Lighting— is lighting dependent on trolley lines, or is it an independent bat- 
teiy" system? 

Heating and ventilation — ^r^Lat system is used? Efficiency and ability to 
pro\dde sufficient warmth, fresh air, and healthful conditions, Ikse in 
control of these. 

Effect on power system— load; surg^. 

Capacitt 

Pa^nger capacity: What is ordinary seating capacity? Standing and 
seated rush-hour capacity? Capacity of overload in tim^ of emei^ncy 
and great congestion? 

Physical Factors 

Weight, dimensions, shape, headroom, l^room between seats, floor space, 
number of windows and doors. 

Size of tires, batteries, and other acce^ories requiring replacement. 

Human Relationship Factors 

Safety — strength of body; safety devices for driver’s use; safety doors to 
prevent accidents to pa^engers; shatterproof glass; brakes; emergency 
exits. 

Noii» of operation — ^is this disturbing to conversation? Are there disturbing 
nois^ which affect pa^ngers or drivers? Do coach noises disturb ro- 
dents? 

Smoothness of operation — smoothn^ of starting and stopping; ease of riding 
under various street conditions; can pa^ngers safely stand while coach 
is in motion, stopping, starting? 

Convenience to passengers — ease of entrance and exit ; height of step in get- 
ting on and off; ability of coach to puli close to curb to dkffiarge and 
take on passengers; convenience in pying far^ or s%naling driver. 

Ccmveolence to oprator — ease of handling controls; convenient fare-col«- 
tion facilities; control of doors; viability; ease of steering and braldng; 
auxiliary safety device such ^ fc^ lights, windshield defrosters and 
wiprs. 

Attractiveness — good lighting; ease of keeping clean; acce^ori^ for pa^s- 
ger comfort as foot r^s, arm r^ts, mirrors, ashtrays ; attracrive 
both inside and out; color combinations pebble. 

Comfort — Cheating; scientific lighting; at^nce of odors; dUclency of hea^^ 
and ventilation; cushions and upholstery; width of ii»d- 

r«in. 
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CoNDiTioKs Established by Supplieb 

Brice. 

Terms of psymmi. 

Guarantee 

Availability. 

^rvice and renewal parts service. 

Supplier's repatation and performance record. 

BBSIGHIlfG IQtJIPMEMT FOR THE ESTIMATE ESER 

One of the mmt difficult problems confronting those who design 
indiMtri&l equipment is in accurately determining and interpreting the 
«»ditions under which the equipment will be called upon to operate. 
II m one thing for the engineer, in meeting the requirements of the 
i«r, to i^ign a piece of equipment which will perform the particular 
function or duty cycle for which it is intended, and another to pro- 
¥ide in the d^ign for all pc^ible operating conditions which the 
«|uipi«nt may encounter in the hands of a wide variety of users. 

The d^igner of paper-making machines must consider all the con- 
ditions to be met with in the paper mill. For instance, aside from 
dteteiraiaing the exact mechanical requirements, he must consider mat- 
ters of temperature, humidity, the skill and habits of paper machine 
op«»teir8, l(m due to breakdown, ease of repair, and numerous other 
ftctes that relate to the particular kind of service to be met. In 
this instance, since the equipment is highly specialized and used in 
cai indiMtry only or by one cla^ of purchaser, the designer can 
delve into particular rajuirements of the paper mill, and design 
epipmml to nc^t this one class of service. 

CM Uie otoier hand, an engineer who designs fans and blowers, 
wilfii 'imm a bimd use in many industries, must consider not the 
i^akwswBte of oi» da® of user, but many. He may find a wide 
<fif«TO€€ m iie requirenients of different elass^ of users, and is at 
once confronted by the economic pioblem whether to make one type 
©f to iii«t a wide el^ of users, or different typ® of design 

fm different €li»«5 of users. The fan and blower designer finds that 
requirenwats of fans and blowers for heating and ventilat- 
ag ttstalk&iM for building are not the same as those for mine 
TOitilaticii, or tiie handing of ^r3XBive gas^ encountered in some 
diODuical plaate. He miBt determine where to draw the line, i.e., 
▼tetter to to tete «aie of the worst or most difficult condition 
‘ in vdikii many of the units produced are of more 

teiato and amsteuction than tihe p-articular s-erviee may 

or whether to d®ign equipm^t for each major class of user. 
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thereby reducmg the quantity of units produced for any selected class 
of user, with resulting increase in cost. 

From a practical vie’^’p^int, on the basis of what has taken place in 
the design and use of machinery and equipment in the past^ the builder 
usually starte in business producing a line of equipment which meets 
a popular need. As he proceeds with production and distribution, he 
finds that the one line is not altogether suited for ceitain classes of 
users. Other lines are added, requiring design modifications, so that 
the builder finds, as his business develops, two or more distinct lin^ 
of equipment necessary. 

A common illustration of this is found in electric motoiB. Th^ 
were originally available only in the “open” or “self-ventilated” tyi». 
As the use of motors spread throughout industry, and their application 
to individual machines became more highly specialized, several typ^, 
depending upon conditions of service, appeared from the hands of 
designers. “Totally enclc^ed” motors became common, intended to 
withstand moisture and dirt. Later appeared “splash-proof” motors, 
“explosion-proof” motors and even “water-tight” motors, as well as 
other specialized t3rpes, all designed to meet a given set of operating 
conditions. Economic factors, particularly relating to physical sii^ 
and cost, prevented the adoption of a design which would meet ail 
conditions of operation, for it was still found that the requirements 
of the majority of purchasers could be met by the “op^n nootora,” 
which are the cheapest and smalls type available. The same con- 
dition esdste in respect to many lin^ of equipment which have a wide 
range of demand. 

The following conditions of operation, many of them unusual, are 
neverthele^ ones encountered by e^>erienced engineers who d^ign 
aiuipment: 

Rirngk ¥sage. (My by practical experience can tiic^ who de- 
sign equipmmt appreciate what rough-and-tumble ^rvice equipment 
mmetim^ receives, from the hands of ignorant and carele^ users. 
Several years ago the designer of a portable air-driven reamer, used 
in steuctural work to ream holes prior to riveting, designed an efficient 
machine, only to find that it failed because the workmen, when through 
with it, dropped it to the ground. Mc^ classes of equipment used in 
construction and mining operations get extremely rough usage and 
must be deigned accordingly. 

Atnu^Iieric and Temperature Conditions. The designer must 
consider the extremes of moisture and temperature in all classy of 
equipment that he fumidies. Ttte basis of rating, as in air-cooled 
eng^es, and the materials eaaoployed, as in electrical mai^iinery. 
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are iiiiiX)rtaBt factors. Particularly must these conditions be con- 
sidered in connection with equipment to be used under tropical or 

arctic conditions ® 

Gases and Foreign Materials. Often equipment is called upon to 
operate under conditions where corrosive gases are present or where 
foreign materials are plentiful. Equipment in many chemical plants 
must specially designed; the same is true of textile machinery 
surrounded by lint-laden atmosphere, or equipment in foundries and 
ccTOiit plants where the air is laden with dirt. 

Qtdetnm; The perfection of appliances used in the office, store, 
and home has brought into prominence the importance of quiet opera- 
tion* in all classy of equipment, and has encouraged fundamental 
studio m to the causes, transmission, and elimination of sound. 
U«ra now give serious consideration to quiet operation, which formerly 
received little attention. 

Safety. Of fundamental importance is the matter of safety to 
life and limb, for, with a constantly closer contact between apparatus 
and i^ple, the user must be guarded against every possible danger. 
In jmm past, for example, numerous accidents have occurred in the 
operation of punch presses, for in the earlier designs it was quite 
pomible for the operator to lose a finger or hand. With the increased 
demand for safety, and increased skill of the designer, the possibilities 
for such accidents have been practically eliminated. 

Oeaalin^^ Appearance, Convenience, and Portability. Such 
matteis as th^ are continually receiving greater consideration by 
purchasers of technical prcxlucts, whether they be locomotives or elec- 
tric shavers. 

The demands of air travel and airplane design have called for 
which is extremely light and compact, yet completely reli- 
able in operation.^* 


•II .ii imlikely tl»l tbe deagner of refrigerators evet had such a use 
to Ma, but Bjrd took & refrigerator with him to the antarctic — to keep 

mi & ooM imd ki»p food fmm freezing, 

•l^feiwace: “Frwiiict Sileiii^ Has Its Price,” Electrical Manufacturing, Janu- 

imp. If, 

t»T^ ia which is analyzed in machinery today is an interest- 

Hlg KMntffie prewe®. A gemd article on noise analysis and the theory of 
Boiie is found m ‘‘‘Analyris of Gear Noises Bring Practical Values,” 

8. aad L. 1. CoIJiiis, Maehme Design, 3>ecember, 1938, p. 31. 

Motai and ^ermtors for me aboard transport airplanes are designed to 
wi# I# to m much as the conventional unite of equivalent 

l»w«r Haa te pebble by chang® in riiape and materials, and im- 
prove In mm instottoe, a 5-kw. dfrect-current engine-generator set com- 

lifcte with wmltol weigi^ but 130 pounds, while an equiva- 

fcttl ^lemtcr 1^ poumfe. 
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In the factory, the economic advantage of “good housekeeping’^ 
has been fully demonstrated, so that manufacturing men now demand 
those characteristics in equipment which will make possible a neat, 
attractive, and compact production shop. 

Unusual Requirements.^^ ^or equipment used in various parts 
of the vrorld, purchasers’ demands may include features not ordinarily 
encountered in this country. Obviously, such matters as nameplate 
ratings and instructions must be written in the prevailing language, 
and perhaps the metric system. Some engineers have designed ap- 
paratus, including parts of wood and fiber, to find later that they had 
to be replaced by other materials on account of d^truction from ante. 
Frequently, heavy machinery going to mines or power hous^ far from 
civilization must be designed in much smaller elemente than ordinarily, 
in order to provide for transportation, which, in some instances, is 
nothing more than mule-back or airplane. Instances have occurred 
where highly polished or colored parts, attached to a machine, have 
had to be made plain and unattractive, to prevent natives’ stealing 
them for adornments. Only through experience are all user ra|uire- 
ments covered. 

TECHNICAL SERVICES 

We have considered technical products from the \dewpoint of the 
service the finished product will render the user, as an operating 
mechanism. In doing so, we must not lose sight of the fact that what 
interests the user is not the apparatus itself, but the kind of ^rvice 
that it will render. 

Maintenance. Equally important, then, is the matter of maintain- 
ing the apparatus in operating condition, and this factor, in itself, 
constitutes an important form of technical service. 

“Pulling a ten-and-a-half-ton plow half a mile below the surface through all 
t 3 q»s of ocean bottom require a tow line of unusual flexibility and strength. 
Orfinary chain is too heavy and cumbersome; steel rope, when subject to great 
strain, develops torque, or twist, and would overturn the plow. For this purpc^ 
a special one-inch nickel steel stud-link chain 4200 feet in length was developed. 
Each link in this remarkable chain, the strongest ever forged in one piece, is 
capable of withstanding a proof load of 84,000 pounds, with an ultimate strength 
of 117,000 pounds- The catenary curve of the chain, as it is suspended in the 
water from the ship, separates it aiffidently far from the cable to prevent the 
two from becoming entwined.” — “Plowman of the Deep,” Saturday Evening Pod^ 
December 24, 19^, p. 50. 

The engineers of a large manufacturing company recently had the unusual 
task of demgning and building a “time-caiKfule” capable of presendng various ob- 
jects and records of pr^nt-day civilimtion for the inhabitants 50(K> years hence. 
The capsule was buried in a Ml-foot well and was obstructed of a h«tt-te»ted 
alloy of copper, chromium and silver (Cupaloy), which is hard, strong and 
highly r^istant to corroaon.— Reference: “Time Ckpsule' is Cuimloy,” Machine 
Design, October, 19^, p. 31. 
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Very few products are of value to the user without some sort of 
sendee rendered by the supplier. Many familiar examples will occur 
to the reader: for instance, the automobile, air-conditioning equip- 
ment, machine tool, and coal cutting machines. Since such products 
are useful only because they perform a service to the user, the user is 
inter^ted in seeing not only that the equipment is furnished in an 
operating condition, so that it can immediately render that service 
for which it is intended, but also that facilities are available which 
will make it possible to continue in operation, without undue ex- 
prai^ or l«a of time. The user thus expects the supplier to make the 
product available to him, provide for its installation if need be, or at 
least show the purchaser how to install it, and, after the equipment is 
put into service, provide facilities so that it will continue to operate 
in its originai condition when and where needed. A multitude of 
conditions may arise which may decrease or destroy altogether its 
operatii^ usefulness and efficiency. The supplier must then provide a 
form of maintenance service, which must stand ready to give technical 
service at the time and place needed. The availability of such a 
service, which includes equipment parte for renewal pxuposes, goes to 
make up a complete form of service upon the product. 

Since most equipment forms a part of a complete manufactiiring 
or fabricating proc^, the user is interested not only in a form of 
skillful maintenance, but particularly in having this service im- 
mediately available to avoid losses which might extend far beyond 
the value of the particular piece of equipment.^ Maintenance of 
f»|u^ment, in industry, is a service usually shared by the user and 
the ^uipment supplier. Lai^ manufacturing plants, such as 
milb, will, then^lves, have technical experts available who 
wa Tf^rnk mad adjust looms, but, nevertheless, such users depend upon 
the equipin^t supplier to furnish correct renewal parte for the looms 
promptly. A small machine sht^, <mi lie other hand, will not have 
tediite for a lathe, planer, or compressor, and must depend 

ipHi tlm supplier for thb help. 

and Contracting Services. Consulting engineers are 
tamally employed by industry in rendering an advisory service, usually 
relating to plant or proc^, or botli. Much of their work is of a 
i^aecialuied nature, rdating to a particular class of work, as, for in- 

111 Eaaay janeew vdiere the process pHxxseeds from one machine 

to a ao t bss , the f^ons a jMwt of tme machine may cause a loss which, 

to the ^isoe of aa boss:, wiB eaeeed several times the cost of replacmg the 
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stance, designing a stractnre or the layout of a paper mill, power house, 
or water works. .In many instances, such companies inc,lude 'both 
an engineering and a contracting service. The requirements of the 
purchaser of such services can be stated quite simply, for the pur- 
chaser's sole interests relate to the quality of the work done, the 
time in which it is accomplished, and the price to be paid for the 
Service- 

Public Service. The technical services discussed thus far have 
been those that nece^arily accompany and are a part of a technical 
product's purchase. Technical services which are furnished complete 
in themselves constitute, for the most part, services relating to tram- 
poftation, communication^ and the furnishing of power and thaler, 
which are usually clawed as forms of pahlic service. 

The usem' interests in technical service relate to: 

lis availabiiity as to location and cc^t. 

Ite continuity,^ frequency, or speed. 

The price charged for it. 

Technical equipment, usually of an elaborate nature, is require 
to render such forms of service. Being public in nature— that is, re- 
quired by people and economic units — such services as these involve 
complex problems relating to ownership, operation^ returns, and 
of service. With the advance in human standards and requirements, 
it is obvious that other forms of service will, in time, be included m 
public service. 

Such a service cannot be entirely divorced from the products neces- 
sary to enable the purch^r to use it. For instance, the availability 
of gas and electricity is worthl^, unless consuming appliance are 
available; and the public utility, in order to increase consumption of 
its services which in turn makes pcmible more satisfactory and l^s 
expensive service, has in the past undertaken promotion of the sale 
of such products.^® 


^^The dependency of the individnal upon the continuity of various foinas 
of public service is emphasised when we the rmilt of major disasters. Storms 
and floods, for instance, will place a community in total darkness, and, in a 
mechanized society such as ours, we find the home routine disrupt^ if heat, 
refrigeration, time, door-bell service, or even gaa>line supply for automobile is 
lacking even temporarily. 

One of the prevailing and dominant interets of every thrifty u^r is how 
to ^ve money. The pubMo utilitiee, public carriers, and others have been un- 
iBiwliy active in pnmiorii^ furii» use ol their fjM^tiw by app»lmc to toia 
amo&mal nvici^ ii M fe c i of the pth^lic. Mose tiban one fravel^ Iw been in- 

fiu^iiC^ to take the train, becan^ it is said to be dh^per than to drive one's 
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THE PTJECHASEE^S SELECTION 

When a company or indiridual has decided to buy a piece of 
equipment, and is faced the problem of determining which make 
of equipment to purchase, many influences have a direct bearing 
upon the selection. These relate to: 

Hie merits of the particular piece of equipment, in regard to price, 

availability, or other equipment to which it must bear a relation. 

The individual who is attempting to sell it. 

The company making or selling it. 

Trade relations, by which preference may be given to a particular 

supplier. 

It must be admitted that the purchaser may be influenced in 
mmj wmfs toward reaching this decision to purchase, and producers 
may have a strong influence in helping him make up his mind to pur- 
chase at all 

In order to undemtand fully many of the problems of production 
and distribution of technical products, we must understand the prin- 
ciple® of consumption. Much thought and study have been devoted to 
human behavior in purchasing, because, by a closer understanding of 
it, prc^re^ in selling is made. Human beings, in attempting to satisfy 
their desires, act impulsively, without being directed to the purchase; 
act according to established habits; or act rationally, carefully evaluat- 
ing available evidence. 

So far as the merits of the article that one may buy are concerned, 
the pmspective customer can base his decision upon previous experi- 
ence, the experience of others, and the information furnished by the 
manufaetorer or supplier. 

In respect to technical * products, the industrial organization or- 
dinarily uses the greatest intelligence in selecting and buying, because 
it is tetter oi^anized to perform this function, has had more experience 
with technical products, and is less likely to be influenced by persuasive 
salesmen. Commercial and institutional buyers commonly use less 
iatelli^nce and are more likely to be influenced by clever salesman- 
ship than indiistrials, because, generally, unless they themselves are en- 
in distribution or extensive use, they buy only occasionally. 

own mulomobile, wsd elwtric utilities have cooking schools designed to 
Aow hmm econoiaiml and convenimt gas or electric cookery is. A midwestem 
power coBi|»ay Iim ImiAeds d electric ranges in the homes in its territory on 
a iwtal wliidi may he «mtiniied f<w any leEigth of time — flie rent being 
in<»t ncwiiaai, the afl new at the rime of installation, and there being' nO' 
* to 
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The average individual shows less intelligence when buying technical 
products for his own use than business organisations. Often the 
purchaser is influenced to a marked degree by clever salesmanship, 
advertising, or idle conversation. Such factom as style and eye appeal 
influence him, and often he does not understand and is confused by 
the intricacy of technical features. As was brought out before, how- 
ever, manufacturers and distributors are doing much to educate the 
public upon the construction and operation of technical products, and 
the buying intelligence of the average purchaser is steadily increasing. 

SPECIPICATIQHS 

A specification is intended to give a complete description of a 
product, structure, or service, so that its characteristics may be de- 
termined in advance for the purpose of establishing conditions of sale, 
and ultimately satisfying the purchaser and the user. It usually 
consists of drawings showing appearance, dimensions, and construc- 
tion, a list of materials required, and a complete description of func- 
tional operations. 

Specifications, it will be remembered, were studied in Chapter ¥ 
in their relation to standardization, and their general utility and form 
were considered there. The specification forms an important item 
in the requirements of the ultimate user, although its purpose for 
ordinary technical products is somewhat different from the conditions 
set forth in Chapter ¥, as we shall see. 

In considering technical producfs in regular production, the original 
use of the specification has changed considerably with the advance- 
ment of standardization and familiarity with technical producte. 
Years ago, an engineer might be retained by the user to prepare a 
set of design specifications, upon a certain item of apparatus, which 
was finally to serve as a guide for a manufacturer who might be 
selected to do the job. The manufacturer's responsibility was fulfilled 
when the item was built in accordance with the specifications. To- 
day, the d^igner is usually a part of the manufacturer's organization, 
and working in close touch on one hand with the factory personnel, 
and, on the other hand, witii customer requirements, the whole effort 
being coordinated. Standardization and quality manufacture have 
often made it possible, now, for the user to me the product, or a 
close approximation of it, before purchasing. Thus the specification 
itself, alihough as nece^ary as ever, is largely prepared within the 
manufacturer's organization for ite own use, and that of the purchaser. 
For large noachinery or a group of equipment designed to work to- 
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gather, however, the specification, as well as the independent con- 
sultine or contracting engineer, are important. 

When we turn to structures, such as homes, public and commercial 
buildines dams, and all construction work, the situatmn is very dif- 
ferent. Public taste and varying conditions like location and clima e 
do not permit of the standardization which applies to facto^ products. 

engaged in design operates independently m the prepera- 
cl the .pJaeationa, eonterring »ith possiMe maten. suppliers 
.nd contraetcrs, and the ultimate purehaser. The 
takes to create the structure in accordance tfith the speciScations at 
a nricc and within a given time. 

We mi^t well compare the factory and product to the ready-made 
clothing manufacturer and his standardized suits, and the engineer 

ftfid «^atra€ti>r to the tailor shop. . j 

Whrai public money is to be spent, the specification is used ex- 
tensively in an attempt to avoid favoritism to any one supplier, and to 
assure quality and uniformity to meet exacting conditions. 


AGBRCIES ASSISTING AND PEOXECTING THE PURCHASER 

For many products, such as foods and drugs, the individual pur- 
chaser has no means of determining the composition, and it becomes 
of vital importance that some public protection be given him agamst 

haim and deception. , . i j ± 

Such protection is also important in respect to technical products. 
It relate particularly to the quality and price of the article, protec- 
tion against property loss as by fire, flood, and explosion, and agamst 
bodily harm. As technical products have come to be used so uni- 
versally and so often not exclusively by trained experts, much atten- 
tim has been given to tills subject by manufacturers, distributors, and 

varioiB forms of government. j 

M bnsinm organisations become more stable and. p-er- 
Himcat, ae comn^rcml value of making prodncte safe in the hands 
0f the imder all conditions of operation which can be anticipated 

m bang ^misted. , r 

A few of the important agencies that haire been at work to further 
public safety and make certain that installatioii and operation of 
techakal pwlucte are am»rding to standards and such that no serious 
\ may come of such products’ operation are the following. 

Fwierd nad Mm rdalmg te fair Immmm practice.; the Federal 
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Standards set up by engineering sodeti^ and by trade as^ociaticms of 
manufacturers and distributors of products. 

The Board of Fire Undei^'riteis, Bureau of Min^, United State 
Bureau of Standards, and others. 

PubHc and trade ascxiiations reprinting industrial .and kdiyidual 
users. 

Whether it be merely the approval of a wiring device as safe for 
use in a home or the inspection and approval of elevators traveling 
hundreds of feet per minute, these agencies are constantly on the alert 
for new ways and means of making this technical world a safer one 
in which to live. 



CHAPTER IX 

problems of the supplier— development 

DEVKI.OPMEHI HECESSiET 10 COEIIEE*!- SUCCESS 
Any economic mil, engaged in pmduelion. to be sucoessM mnet 
direct its efforts in three ways: 

1. In pmdncing a »eW prodo.t or ecmee in the beet and cheapest 
thia product o, service, s. that it meets consumer 

„<piments beltti in each He nature ol which falls 

3- In devetopn^ ”^*l^ere of activity rvtuch will meet existing and 
ia line with the chosen sphere ot acuvixy. wmiau 

new consumer demands. 

These principles are fundamental to progress. In a changing world, 
m produir can stand still. Each is much in f ™ 

„ inditidnal who ia erasing . ^amp; ■' S 
Inwer and lower and is soon unable to move at all. ine ry 
the collective progress of industrial companies of a 1 sorts shows a 
XStog numL which have fallen along the wayside because th y 
Sritompted to do the same thing over and over again m exactly 
the same way^ They have lacked vision in recognizmg the value of 
improvement and the various opportunities offered by altermg condi- 
tkL of all kinds.* A far greater number of companies have failed 

■ 1 of failure of mdustrial companies due to failure to improve old 

W. c-xiuSiKuSs drs 

faetear «rf etevatois doii^ a P ^ operating speeds, automatic 

leveling mechanisn^. and better signaling systems, 

growing demand 

internal^bu^on engines and kept on buildmg only 

’ 5« ik<» f®wa r»f an incre^sEQff demaiiid for powor-producing unite o 

of tean^ depr^on, this company discontinued business 

'“TSnstroctkm company, once highly prosperous, continued to use old metto^ 
«»d MSneiy in fflmeuting its various oimtracts, and as a result was put out of 

S^u^^^C^n^Starts Com^ck^th Complete Redesign 
» ” Soles December 16, 1936, p. 1040. 

viin 
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from this cause, than because of the development of products of the 
wrong kind, or products which have been too advanced in ty|>e to meet 
the current market. 

The producer, therefore, to be successful not only must invest in 
well-organized pemonnel and facilities required to conduct a current 
business, but also must carry on programs of improvement and de- 
velopment.^ 

Reftoencs 

M. W- Smith, '‘The Importance of Research and Development in Mftmmming 

Technicai Prc^a,” Electrical Engineering, Decemter, 1^, p. 

WHAT IS RESEARCH?^ 

The word “research” is a much-abused term, and often is incor- 
rectly used. In its true sense, it applies only to work directed to the 
uncovering of original ideas. Toting materials or checking perform- 
ance does not constitute research, no matter how valuable it may in 
reaching or improving existing standards. 

The distinction is usually made between “pure” and “applied” re- 
search. Pure research is pursued with an aim to discover new natural 
laws. This has been left by industry largely to educational institu- 
tions or societies and organizations most of which have been founded 
and maintained by endowment. Some pure research is undertaken 
and carried on by large business organizations, or a group of smaller 
organizations, as a contribution to scientific progress. 

Applied technical research, on the other hand, is carried on by 
many companies,® both large and small, that maintain staffs and facili- 
ties for the purpose. Ideas created in the field of pure research are, 
of course, applied, but the central purp<^ of applied technical re- 
search is to develop ideas which may be put to use toward a practical 
end. Manufacturers of oil engine, for instance, may devote taknte 

3 “Olds Engineers ‘Beat the Gun’ to Driver Needs,” Jc^ph G«:helia, Attlo- 
matwe Indmiiies, April 10, 1937, p. 554. 

^ “R^arch is the reconnais^nce ptrtj of indnsrty, roTiB^ tlM unknown terri- 
tory ahead independently, yet not without purpose, seeing for the tot time 
fhin^ that all the following world will ^ a few years hen<».” — S. M, Kintnar in 
“Eixhaiist Lines,” Power, September, 1^7, p. 505. 

It is ^imated that industrial and engineering re^arch c«»t $189J0OOJ)OO m 
the United States in 1938, and tlmt it employed 44,000 workers in 1700 kb- 
oratori^. 

® The activities of the re^rch divirion of one kige motor car company are 
divided as follows: 40 per cent consists of consulting engineering advice; 40 per 
(Mat i^roduct developmeit; and ^ per iMat Imac science. The divmon also 
elects and trains engineers for the other divisions.— From “Research for Results ” 
Ammiam MacMmt, June 29, 19^, p. 550. 
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t .V,' n.fii™. 1(1 a study of the materials going into the structim of 
ttngine, and the ability of ’ 

rior=itS^nh^h i^itirs Vo . .0 « 

advantEge. • 4. ;•? oi+Kp-t nure or applied research is 

certain conditions must must i^to j'Jlt.ehment from 

to be carried on successfully. A interruption and 

other company ^ ^stressing of immediate economic 

”“u''“EL^h -rlt W otg^tlercial yalue in the long 
to P^uce immediate resulta of commercial 

rStrSrrSZwhich ch^t^e those con- 

nrrr:Ssr earef. 

buriness '"“'.^ily follow inyiting sideroads which 

„d even enchim^ ^'^“5 Objeetiya must be eatabltohed and 

Sll w nS “ttese a program of experimentation imd 

d^Sd insistently followed. To acoomplid. this, 

tguiited msearch laboratories of “i^ “ ml.ger 

wte is a man of broad vision, expenence, and skill, and also a manage 
fem^oyed who schedules and follows the work so that procedure is 

"^r^tter how well planned and administered technical research 
may be often some of the most valuable results appear as accidental 
This emphasises that research work cannot be 
sojjCTvked Sometimes these discoveries are unexpected— yet distmct 
of the work in hand, and have no relation to the immediate 

which is calliBg for e solution.. ' • 4. T-rr 

^ Those best fitted to undertake technical research reqmre not oidy 
mdfflrive teaming, but also infinite patience ^d detennmation. 
eye to commereial values also helps to keep the research engiim^ on 
the track, and mabte him to see and recognize the possible usefulness 

©f dtoivoicfi Es tibey eto roade. „ , . j r ± x. • «-r wx 

It wiH to <*vk«® to the student that all kmds of ^ 

mmA POT® of b^t to society generally far beyond the benefit 

cimductaig research wwk c« gold comp^ds fw 
discovered a method by which gla®, to, ^ 
S^r^Tbnto^Ttiiafilmafiniregoklattooost. Maten^ 
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accrtiing to the mdividual company conducting it/ What is done in 
one field supplements, as well as stimulates, what is done in another. 
Industry is learning the value of -ccK>peration among companies making 
different and also related products. Trade secrets acquired through 
research and experimentation are not so closely held as formerly, and 
indi^ddual companies are learning the value of a fr«r interchange of 
valued information. Fortimately, there is an increasing tendency to 
coordinate research to avoid unnecessary duplication, and for com- 
panies to consider more carefully the value of interrelated research 
in certain fields/ Much remains to be done in this direction, however, 
so that experiences and knowledge gained in one field are available to 
a greater degree to those in the same field or in other fields where it 
may prove valuable. 

ItMmsEKcas 

"R^arch, An Eye to the Future,” Geneml Motors Research DivBion, Etetroit, 
Michigan. 

Ikgs Ltsb, “Civil Engineering Ree^urch,” Engmeering Nem-Recmd, February 4, 
im, p. 173. 

Chaeles F. Kevtebing, “Pitfalls in the Rocky Road to R^earch,” Chemim! 
Industries, March, 1^, p. 257. 

“Research Progre^ at Mellon Institute during 1930-37,” Iwimtrml and Engineer- 
ing Chemistry, April 10, 1937, p. 143. 

Chaeues F. Kettering, ^Tte^arch in Industry,” Bdeniific Amerimn, May, IW, 
p. 285. 

Sm Alexander Gibb, “Re^arch in Engineering,” 3ae»ce, September 10, 1937, p. Ml, 
“Exarch in Ameri(^fc~the Key to Better living,” Frc^mt En^medng, Octol«, 
1^, p. 368. 

HOW DO IDEAS ORIOIHATE? 

In retrospect, we are inclined to attach the originatioii or develop- 
ment of an important idea in the world of technical accomplisbineiit 
to one man.® Aus a matter of fact, a number of mincfe have usually 

^ For many years, “scrap iron” was worth almost nothing. When the useful 
life of products made of ferrous metals ended, ttoy were commonly discarded 
and the metal in them consdderto worthl^. With the development of the open- 
hearth furnace, through research, this so-called “scrap iron” could be used again, 
with the result that, in 1937, 28,5G0/K)0 kms of it were consumto which might 
otherwise have been discarded. 

®In the development of the huge 40-pas^nger four-motored Douglas DC-4 
kndpiane complete in 1938, five majcn* airlines of the United States, in addition 
to the manufacturer, participated, 

® “Discovery and invaition do not spring full grown from the braim of men. 
Hie Mxw of a h«t of mrai, gimt laboratori^, Icmg, pafeit, seieatifi© cxperimmt 
buiW up the sfractare o£ kiiowiedge, not sfeone by stone, but pyrtide by p«r§ele. 
This adding of fact to fact ^me day brings forth a revolutionary di^overy, an 
jHuminatiDg hypothesis, a grmt generalization, or a practical invention.” — ^Herbert 
Hoover, p. vi, “R^arch, The Pathfinder of Science and Indusby/ T. A, Bovd 
D. Appletcm-Coitoy Ckjmpmy, Inc., Hew York, 1935. 
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•ui cnoB ideas and often these minck are separately 

been responsible for sue ^ wbich later prove to be of great 

engaged in the 

ra^^tne his idea by proof 

taneously. time, while another announces his 

and eiqMjninentation, v ^ evidence at the moment and hence 
idea with prhaps less supp g ■ rrenerally acknowledged that 

Al^det Bell J^tetanding eleetrical engineer and 

s^ot lie riVtrs,^ 

“hi.‘"T’l.“g ^Itle iTte courts ensued, and twelve years later, 

«>■“ “ **'''“ TaSd 

^ems my© B ^ K X xi~«4- +iv<a\7 flrp based upon a vast neld 
from tiie individual hii^ ’h made available by those who have gone 
of information did little to 

before. M^y value; this was 

Sftoto^Tho c^me after to accomplish. Undeveloped ideas are in 
left to thcKC wno number and are matters of everyday con- 

the “1°*^ ° _^eer and the laboratory are required to bring 

versation. but ^ .c ^as 

:^Ta"tle ^ginar^^^^ which he conceived . for the fact 
that he developed his ideas and put them to practical ends. 

■Idc.-Wte. DeTbW C<>™ 

May. 1®8, P- 37- 

ehgiheemng ahd product development 

The en^eer who designs, produces, and applies 
wss^. in research work in the c orrect sense of the word. His 

It ® origiimtioa of the steamboat idea and 

p5 SI tother past by F. 0 . L. Chorltom in to 

Manchester Affiociation of Engineers. As reported 

pieaateatial MWreas before M -Mention is made in documents from 

^*«ib are not pven, and as the experiment was frown^ upca 
^ SSSS a wS not purened.”-From “Exhaust lines.” Po«.er. 

Sk^L passed these words on to the comii^ 

first thin* is tS everything everybody else knows about 

m mhiwi md I^b wfe» Ifey cfi. 
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job is to devise ways and means of doing things in an eeonomie man- 
ner which will meet the everyday requirements of a work-a-day world. 
His work certainly calls for experimentation and trial, but he follows 
basic laws and principles already largely established and pute them to 
use. Often he encounters, problems where applied research and perhaps 
pure research are desirable or necessary, a.iid he turns to the research 
engineer for assistance. 

The engineer, engaged in engineering and product development, 
must first in.form himself on what has already been done. He must 
''catch up'' on the particular problem and the phase of the art or 
science that is involved. From there he must not only "keep up” with 
the advance of progress, but even get ahead of it, as one irho con- 
tributes to its progress. 

In developing products, the d^igner of new machinery, for instauce, 
requires four lines of vision, directed largely either internally or exter- 
nally. They may be summarized thus: 

Materials. He must know the chamcteristi(^ of materials, their avaE- 
ability, and cc^t. For this, his practical source of information is throu^ 
those in his organization who with the supplier. With the rapid 
development of new materials, such as ailo}^ and plastics,^® an unusual 
d^ree of aiertne^ is nece^ry.®”* 

Processes. He must understand eostang and potential manufacturing 
faciliti^ and proc^es within his own factory, becau^ his d^ign, if suc- 
c^ful, must be such as to permit simple and economic manufacture.^* 


The new streamlined Twentieth Century Limited, put in service (June, 
1938) by the New York Central include forgings of moiyWenuin 

for pistons and side reds, weighu^ about one-haif as much as thc« ordinarily 
employed. 

At pre^nt writing, developments on the way in the held of new plastics bid 
fair to revolutionize the d^ign of many products. Both new mafceiiab and 
methods of naolding and fabri'Cating them indicate this held to be me with great 
r«>uro^. 

We may, at times, compare program in ei^ineering developments IW jmrs 
ago unfairly with that of toclay, for we musl ix>nsider that the engineer of 1839 
had about as many materials to woik with m be had ingers, whereas tixiay the 
engineer bas not only an enormous variety of materiais, but alas a thoroi^ 
knowledge of them. Machine Dmgn^s dirwstory of materials used in the deapi 
of machineiy is an excellent Elui^ratimi of what an ei^ineer has at bis dispewJ 
today. See Machine Design, October, 1938, p. IID. 

15 The engineer must underatand, fm- instance, the limits within which airfac« 
can be machined or ground — the mmte and Ibnifaitiotts of cast iron, cast steel 
o: structural welded framework cr housings— and where die casting «a ad- 
vantagecmsly be employed. 

It m interring to note timt ahmdy »veral manufacturing plants have in- 
stalled certain machine in air-conditioned compartments in order to preserve a 
constant condition of humidity and tempemture where extremely accurate ma- 
m ’kibe 
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Market He must undemtaud not only what customers desire now 
b., Jh .1 ip»vm.e... bre m». >lur. In adibon, he -»t 

“^1 charL™tic are deeired in the intereate of econonn.al d:- 

“’’jS’p.ldam. He mnat know what compeaiot ole. and what aueeeaa 
or handicaps are attributed to their designs. 

Progress in the redesign of technical products comes from such 
sources^ those listed below, which give direction to the efforts of the 

deT€lopiBeat engineer: 

1. Complaints and criticisms of existing current designs, which uncover 

features that have failed or proved not fully adequate. • „ 

2. Additional duties which the product of enstmg design might per- 
form, and which might be incorporated in a mi^ed design. 

3 Changes that would permit more economical manufacture. 

4 aihstitution of more suitable and perhaps less expensive materials. 

5 Alteratiois which will create greater customer acceptance. 

6. Changes which increase the capacity of the product to yield a 

rh!^ w winch will fadlitate more econoirucal and efficient distri- 

bntikjHi, in &E its phE^s- 

The attitude of the development engineer, in the interests of prog- 
ress. must of necessity be most critical of existing designs for products. 
He can never afford to be satisfied. Those who create somemmg im- 
iHov«l and new are often partial to the child of -feeir brain, and a 
CHoper telan^ is i^ressary, on the part of the designs, between e 
of iHide and confidence, and complet e dissatisfaction. 

M Nylon is aa example of a better and cheaper suMtute for an old 
Nwlm is ths b«B 0 given a plastic developed by du Pont, made of ? 

XhtoLJLied to replace silk and rayon in many uses. It wdl kmt 
Mo d»er iMtie stoddags and Ims greater elasticity than any of the aataxal 
Slr&toS te^nents can be fashioned, which are as streng as st^ 
of m diameter, making Nylon valuable Imffi for shwr 

saA as Sailing lines and racquet string 
eongtraetod to begm mass ptoductioii of Nylon m 1941.— ‘This Synth 
Am,'' Jlmilir'* DigM, lelwnary, 193&, p. 81. j - ..j .t 

*»A wdaMraBtea mamifacturer of screw machines has dev^ a simple aV 
to ito «w®w uoaAine. Ih® attMunent mvMvea an 

iTirt the aane i^eod. The work is grasped by a Auck Wore it is 

Were. aadiSsr Ae cutoff, when adAtional taboos ^ 

tlH w«t m titaa siwatod. Bette* work and a mare raped operabon of the cut- 

-i. 
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''Functions of Industrial Besi^er,” Priniefi !nk MmiMy, Fcbruarj, 1937, p. M. 
B- E. BfanMiJ'KD, ‘'An Ei 2 giiieer’’s Approack to Product Design/’ Electrical Maim- 
facturing, October, 1938, p. 50. 

^‘Some Examples of Studies Wkich Product Engineers Must Make/" Jfilf and 
Factorpf June, between pag^ 106 and 107. This is i chart developed 
in the automotive indiistry. 

WHEB SHOULD EHOIHEERIHG DEVELOPMEMT TAKE PLACE? 

Many a manufacturer has awakened to the reality that current de- 
signs have become obsolete. Others have brought out new products 
to find them obsolete shortly after tiiey have been placed in pfoduction 
and offered for sale. Engineering developments require time for ac- 
complishment, and progre^ comes slowly. Large investments in capi- 
tal for manufacturing equipment and facilities are nectary, as well 
as for personnel to carry on the work. Even all these expenses may 
be small, however, compared with the losses which finally come to any 
organization which does not keep its products abreast with its com- 
petitors and the market. 

Consequently, engineering development is nec^arily carried on 
continuously?® In times when business conditions are depre^ed, en- 
gineering development is most desirable, for not only will the announce- 
ment and availability of new products a^ist in hashing recovery, but 
also at such times plant faciliti^ are less hxmy than usual in regular 
production work and hence development work has a freer road to 
progre®. Each year more manufacturers of technical producto are 
adopting a iK)licy of supporting and sirring engin^ring development 
work in slack tim^.^® 

STAGES IM PRODUCT BEVELOFMEKT 

Today, .surroundM by technical products' which find h«yiy ac«p- 
taU'Ce and exteMive demand, we 'C^ily Ic^ si^t of ttie long wuim of 

Refereace : “Hew-Products Prc^rams,” G. F. Kordenkoltj, Product 
irtg^ Marck, 1938, p. 108. 

This point empkasases Ite wisdom d ample wcrldng for the kidi»- 

tiial miterpri^, a subject dwwkere » that aick work m d' 

depr^ed business an be pnroed without fiima'^ aabanriMWSit. 

Tke steel indusfciy ^>ait ova* $lO,0OOj(IOi im pp«lact in tW. In 

its production dropped €0 per cent on aecount of economic conditk 
and db»rvma esqgmi&d a amiar OTrtailmettt d rwMrck cxpenditurw. However, 
CQBteaiy to p«si practice in tke nicltBtiw* a loag-tenn viewpOTt of r^a^ wm 
adopted, aad Ihe 1^8 cxpMditiirw fmr r^arck were approMaately 
at alm<»t mam m in 1987.— Iftter-JndMliy Selfeif, 8^tedb«r, p. %. 
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J I ,v,0TYt fliat has been necessary before present-day perfection 

™ SneJ. The steps trhi.h the development of sneh produets fol- 

lows SK usually these. 

of limited t. 

conditions surrounding single installation. 

"^^xfxmion and competUim, quantity production and competitive 

"^S^ptame and replacement; the product finds acceptance, and prog- 

%'S ingenuity of the engineer devises nevr advantages 

and greater means of utility. 

T^t us consider these various stages in connection with the house- 
hol^lSrSiol mfrigerotor. which d^g relatively few yeare has 

become so popular and appealing to the eye. x 

EefrieeS^rs for manufacturing ice and furnishing cold storage 
had Sfb 1 several decades before the domestic iyve of machine 
Smted- Certain limitations, such as size weight, risk due to 
refrkemting fluids such as ammonia, disposal of heat, noise, initial 
co^d cit of operation, were obstacles preventing its acceptance 

engineers became interrated in the problem, particularly 
at the instigation of industrial leaders who saw a large market for a 
^rtc^^ris sort. Experimental models were bvdlt fo-i^ 
frigerants investigated, methods of cooling tried and extended labora- 
to J tests carried on. In time, several different design were ^evelo^d 
anlplaced in practical service “ in a few homes. A host of difficulties 

Similar eampks could be chosen from almost any field “f desi^ 

tXri 

largeTb^tomen, experts in the 

how camfuDy a product is test^ in the 
to aelaie wMcti develop only from practical test when us : 

S Se of cemdidons encountered in the pmctical service fe 

which it is intended, it is imposalile for the hboratory tectoram, nn 
how .trill ed, to foresee m duplicate every possible condition to be meL M^y 
S factoid have to do with the Wment ^ apparatus receives m the hands 
of human, beangs, or we say the lack of it? 
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and olBtacles, many of which were related to features of convenience 
and utility^ developed*^ under conditions of actual service. Further 
design work and laborator^^ tests w^ere required, and further field tet«. 

From this step, models were adopted as standard, and production 
facilities were arranged. For the firet time, the domestic mechanical 
refrigerator was available for sale to the public. 

From this point, expansion in. volume proceeded rapidly; details 
were perfected and the cost reduced. The pioneera, who first saw- great 
commercial possibilities in the field, were faced with competitors ivho 
were entering the refrigeration business. Increased competition stimu- 
lated further development in d^ign and manufacture. 

In t,ime, this product received general public acceptance, and, as 
further improvements were rapidly made, original users saw the ad- 
vantages of such a product and discarded old models for the new. 

Finally, new uses for the domestic mechanical refrigerators were 
introduced. All kinds of desserts and ices could be prepared by such 
machine; by modifications in form, water coolers were develo|»d; and 
more recently further modification in structure produced ^uipment 
for house cooling. 

With this particular article, the designing engineer encountered 
problems in customer acceptance dealing with taste, style, and con- 
venience that w^ere of extreme importance, for here a complicate 
machine became closely associate writh the daily life of the woman 
in her home. Form and color, which had little to do with success in 
operation, became prime factors. The less the preuct looke like a 
machine, the tetter. What intereste the purchaser m«t was that 
the machine should become a silent, convenient, and attractive article 
of kitchen fumishing. 

One noticeable effect which the aceeptence of technical products 
in all phases of life has had upon the development engineer is that 
under changing conditions he must of necessity see for himself, out- 
side the limite of the laboratory, thc^ conditions under which such 
product are bought and used. 

Continually, new mechanical and electrical appliances are being 
developed and introduced. The history of activity for each appliance 
follows very clo«Iy the cour^ of progre^ which has been outlined. 

‘ author had in his hoitie, m a water-cool«dl electrically operated 
domestic refiigeratcw. It lasted about six mcmths. It was very noi^ in opera- 
tion, caifflwl radio interferencfe, which at that time mi^t hardly be ccmadei^ an 
dejection owing to tlm limit^ u» of re^iyiiig sete, and also failed the 
dty water contmiiied mew# arid to d«troy catam pffte eaential to the cooing 
of the compre^or. 
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The electric shaver =’ sen'es as an interesting example, which, at pres- 

the user. 

PATENT ACTIVITIES 

Our government, together with the governments of other leading 
countries, recognizes the advantages of stimulating invention by pro- 
tecting and thus rewarding those who develop new ideas which can be 
put to practical use. Through being granted patent rights, the inven- 
tor can under certain conditions, possess a monopoly for a specified 
^riod of time in the manufacture of the patented article and permrt 
^ers to do BO only upon the payment to him of royalties for this 

mS of those who develop new ideas subject to patent control 
are now employed by various kinds of manufacturing and commemial 
organizations. Since such organizations provide the individual with 
fwmties for research and experimentation, and pay the ^venter or 
discoverer for his work, it is customary that the ideas which he devel- 
ops should become the property of the company employmg him So- 
cial arrangements in this regard, however, including compensation for 
unusual inventive efforts, are often made between employee and em- 
ployer. Most patents are worth little unless nghts can be obtained 
under other patents covering the same or closely related fields, for 
patents in our days relate lai^ly to particular features of design md 
(^ration. For instance, a hundred or more patents may be granted 
upon the detailed features of one machine, and hence an mdividual 

patent may be of little use in itself. , , - ,1 • t- 

Patent activito have become complicated and highly specialized, 
and it b customary for most companies to engage patent coui^l, un- 
less their operations are extensive enough to support a group of patent 
attomm of their own. Patents often are contested in the courts, and 
skill and tmmwes are required in supporting them. The protectaon 
afforded by a patent may, therefore, depend upon those who hold 
the patent, to a great degree, and to their ability to defend it. 

Common poHcy in the granting of licenses under patents has im- 
dergone change. Products which are not only new but also mvolw 
radically new principles may be difficult and expensive to exploit by 
only one suRplier, because the supplier has the problem of sellmg a 
radically new Mea in additioa to a particular product. Most com- 

ia tte elfictoc shavers has pwBoed the fcJlow^ 

im, 48^®*; 1884, 75J516; 1835, 419,933; 1936, 1,222,971: 1^, 

a wtia vatoe iwee than 25 nnBioa doHais. 
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panies whicli are fortunate enough to be faced with a situation of 
this kind choose to license under royalty one or more of their com- 
petitors; with the understanding that they^ too, will aggressively exploit 
the new product. Thus progr^ is made cooperatively to the interests 
of several suppliers and of the purchasing public. 

The procedure for securing a patent is an interesting but complex 
one. Under the laws of this country, patentable inventions must relate 
tO' the following; inventions and discoveries not so concerned are not 
patentable: 

1. A machine. 

2. An art (a new proc^ or method that is u»M)- 

3. A new and useful composition of matter. 

4. A manufacture. 

5. A new d^ign for some article of manufacture. 

6. An improvement in an art, m^shine, comp<Mtian of matter, or 
article which already exists.^® 

7. A new variety of plant, other than tuber-propa^ted |^ts, cafmWe 
of a^xuai reproduction. 

Except during the Civil War and periods of great deprmion, the 
rate of patent granting has constantly increased until today it is not 
unusual for 120 patents to be granted in one day. Over 2,CXX),IIMI 
have been granted in the past ICX) years. With such complexity, 
it becomes advisable that anyone ^king a patent first hire a patent 
attorney who is certified by the United State Patent Office in Wash- 
ington. After this, the invention jor di^very must be fully disclo^ 
to the attorney, with the aid of sketches and models if pewible. The 
patent attorney decides whether it is nece^ary to conduct a prelimi- 
nary ‘'‘^arch*^ to find whether there are any existing confiicting patenls 
or publications. 

The next prc^edure is to dmw up the application for the patel 
The patent attorney draws documents; ihey amsisfc of; 

1. A petition to the Commi^mier of Patents. 

2. Claims defining the coverage of the invmtoris moni^fcij. 

3. A complete written description of the invention. 

4. If the invenricm is suitafcfe to fiiiBtrataoiB, drawii^ k, India ink 
on Bristol bcmrd. 

5. An oath. 


** Efif«€Bce: “Ifiyffirfaetee €i Pmfe Majr fee Valid Trade &aret,” Geotps V. 
Woodlii^, MaMm Seitoiker, 193S, p. 

in May Ccrastitate Gmm 

Wood]^, MmMm 1^^ p. 3i. 
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The oae applying for the patent signs the oath, petition, and 
specification, and sends the application documents abng with a filmg 
^ to the Commissioner of Patents in Washington. H the application 
is found complete in Washington, a filing certificate is sent the inven- 
tor or his attorney. This allows him to mark any manufactures of 
his invention with “Patent Pending” or “Patent Applied Fo^’ 

Highly trained technical and legal experts m the Patent Office ex- 
amine the application carefully, and it is compared with prior patents 
if an analogy is possible. After it has been determined that an inven- 
tion or discovery is patentable, the inventor is granted a patent givmg 
him a monopoly over his invention for a period of seventeen years from 
date of granting, during which time others are excluded from malmg, 
iKing, or selling the inventor’s invention. At the end of seventeen 
years, the invention always becomes public property. 

The rights granted to a patentee may be transfeired to any other 
per^in by the patentee. Any such instrument in writing that amounts 
to any alignment, grant, lien, mortgage, incumbrance, or licenw, or 
that affects the title of the patent or patent application to which it 


relates, should be recorded in the Patent Office. ^ 

Trademarks by which products are identified are comparable m 
some ways to patents, but unle^ the piquets are involved in inter- 
Btate commerce, trademarks may be registered only with the states. 
When the products are in interstate commerce, trademarks may be 
registered with the United States Patent Office. 
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PROBLEMS OF THE SUPPLIER— PRODTCTIOM 
INTRODUCTIOIf 

No branch of industrial activity depends so generally upon the ap- 
plication of economic principle as does production. In considering the 
problems of the supplier in the field of production, our piir|K»B m 
not to cover the detailed methods of economic pr<Mluetion, which en- 
gages the specific attention of the student specializing upon the sub- 
ject of industrial management, but rather we shall attempt to review 
the subject of production for the purpc^ of identifying, illustrating, 
and ^tablishing the economic principle involved. 

We find that the actual production of utilities takes several foiro: 

That of extracting what we conrider of value in the form of su!BtaiM» 
or forces from the surface of the earth, as lumber, minerals, petrdteum, 
gas, soy beans, rubber; or from the air, as nitrc^n. 

The erecting of a great variety of permanently located structur®, as 
dams, bridges, or buildings. 

The proce^ng or fabrication of products, which we mil manufacture, 
as steel, paper, automobiles, machinery, ciothm, and food prcxiucte. 

The creation of varior® forms of service, and noaking ttea imtilj 
available to the user, as transiKjrtafidi, electricity, or 

In actually lotting up the faeiiitim for production,^ and in the mm 
of th^ faciliti^ as production proceeds, we again find the nmemMj 
of following physical principle involve in technical proceduro, as 
well as thc^e principles which ron<^ra social order However, to be 
succeffiful, each step we t^e must be based upon decisions of an 
economic nature, for the final obj^t of production is to fill a wmt ade- 
quately in the most economical way. Succ^sful production is accom- 
plished, therefore, only through an almost infinite number of selections 
and decisions based upon tiie laws of economics. 

In a study of economic procedure, as related to prwiuctioii, we find 
our attention focused upon: 

» Referen« : “En^ieOTng the Mew Plant,’* Thomw W. Hopper, F«farf Mm^ 
md Mimim&ncB, April, 1938, p. MO. 
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T1i 6 selection of a location at wMcii production is to proceed. 

Tile Mlectiott, arrangement, and maintenance of facilities and equip- 
meat reqiir^ for prmiuction. 

oiganiiiug of the forces of capital, management, and labor. 

The snpeirislon, control, and compensation of the organization which 
has ten created, as economic production proceeds. 

Since manufacture plays so important a part in the field of pro- 
duction, and in itself depends so largely upon utilities created through 
giich actiFiti^ as coBstruction, mining, and the furnishing of power 
and transportation, we will devote our attention, largely, to the more 
imp^ftant considerations in the economics of physical production. 

Tie objective of management in the manufacturing plant is not 
just to produce goods, but to produce them within the required quality 
standards, within the necessary time limits, at the cheapest possible 
coil, and in the quantities demanded by the market. The engineer too 
often concerns himself with the problems of quality and quantity, 
and c^lects to consider that, if the things he is designing cannot be 
produced to satisfy the requirements of time and cost, his efforts are 
in vain. 

; IK TEES SrtJDT OF ChAPTBBS X AND XI 

*iii Quick Ways to Profit,” Faciary Management and Madnienance, ETovember, 
1^. The student in studying production will find this article of particular 
interefit, dnee it demonstrate actual savings efiected in all functions of pro- 
duction. The article is cxmveniently divided into eight headings: (1) ma- 
t«ia& handliiig, feyout and motion economy, beginning page 59; (2) power 
and p. 65; (3) mecimnical power drives, p. 73; (4) beathag, ventilation, 
imI air amditionii^, p. 79; (5) building and services, p. 99 ; (6) production 
pkimiiag mm! ccmtrol, p. 1(^; <7) piblic and employee relations, p. Ill; and 
(8) podncticKi methodb and matermis, p. 117. 

^rc^iBS® Edition” of JftH and Factory, June, 1938, p. 75. A good 
ol infoiiwticm m ^djing industry and production. 

LmA it 0»vr«iei*s Record,” Amenocm Mackkust, June 29, 1938, p. 535. An 
with all phaMS of the manufacture of motor cars. 

F* Siiarom, *‘How We Oigani^ a Welding Deimrtment^” Factory M(m~ 
iwf Mmdmmm, Fdbniaiy, 1^, p. 62. 

OF PLAMT 

From tiae standpoint of economic considerations, the selection of 
iie site for a pknt for manufacturing prm^ts one of the mo^st difficult 
and iavnlv^ pnAilems iJiat man^ment must wive. Just as ha a design 
whtte we wtt to mwamplMi mat purple by the most economical 
wmbinaticHi of parte and processes, ^ with p^lant location must we 
every factor irf operaficmsi tc^ether with less tangi- 



LOCATION OF PLANT 


245 


ble factors, and then locate our plant at that place where the sum of 
all economic advantages is great^t. Such considerations require a 
complete study of the economic of producing, distributiag, and over- 
head expenses for each suggested location. Two general points should 
be kept in mind during the selecting process. The first is the impor- 
tance of a good manufacturing location from the view|X)int of chang- 
ing conditions in the requisites of production and the demand for prod- 
ucts to be furnished — both of which may be mcnlified by the introduc- 
tion or elimination of competition; the second is that, once a location 
is selected, those cost factors dependent upon location will largely pass 
out of the control of management and become fixed. 

The various important factors that affect economic plant location 
may be summarized in the following: 

Factors in determining the selection of a regional geographic location: 

Cost and availability of raw, semi-finished, and finish^! materials re- 
quired in production. 

Cost and quality of labor. 

Cost of services, such as power and transi^rtation. 

Governmental laws. 

The relation to other of the producer’s activities. 

The location of the market for that which is produced. 

Availability of cheap capital. 

Factors in determining the selection of an immediate locsadm: 

Special inducements of local interests. 

Bents and property values. 

Hazards. 

Taxes. 

Waste disposal. 

It will be noted that, in electing the location of a plant, considera- 
tion must be given not only to conditions which exist at the time the 
selection is made, but also to probable changes which may occur in 
th^e conditions, judging from existing trends and anticipating the 
probable course of events. Foresi^t in selecting a plant location has 
often been ihe ruling factor in dhe success of the plant and the enter- 
prise, because such a decision determine, to a large exteit, iiie cc^ of 
doing busine^. 

No one of the factors named may be the sole factor of determina- 
tion. In arriving at an ultimate decision, all factors must he con- 
sidered, and after each has been determined, the problem arises of 
evaluating their relative in^portance, both present and future. As we 
shall see, judgment factors, as well as fact information, enter into the 
final decision. 
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Tie cost and maUMdty of materiah required may entirely limit 
the selection to^ one or a few locations, as would be true in locating an 
oil mining operation, or saw^mill. Having tentatively selected 
siich location possibiliti^, one then proceeds to other factors involved. 

The cost of labor has become of increasing importance as a matter 
to te considered in plant location, since it forms so large an item in 
cost of production, and failure or irregularity in obtaining labor can 
so ^vcrely affect the success of any enterprise.^ We continually find 
instances where labor supply is a major matter of importance in estab- 
lishiiig a plant engaged in manufacturing processes. Long ago, textile 
plants would have l^n prevalent in the South had an efficient supply 
of labor existed there. Many companies engaged in printing books 
and periodicals hav^e moved from large cities to smaller outlying towns, 
l^ause of a more stable and efficient supply of labor; newspaper 
plants, however, cannot do so, because their product has to be in the 
hands of the purchaser immediately upon completion. 

The cost of services, such as |X>wer, gas, or transportation, varies in 
iiiifwrtanee with the Mnd of product furnished. Cheap electric power 
may be a leading factor, as for many chemical and metallurgical proc- 
OTes. In prcKiucing steel, an abundance of heat is required for open- 
hearth and reheating furnace, and m the availability of natural gas 
did much to encourage the growth of steel manufacture in the Pitts- 
burgh district. 

Botm years ago, a manufacturer established a plant in St. Louis, 
Mi^iiri, for the manufacture of spun concrete lighting poles. A 
lai^ contract for these had been obtained for local delivery. After 
iiB order was completed, difficulty was encountered in meeting compe- 
tition over other parts of the United State owing to the cost of trans- 
fwrtolicM, and manufacture was dteontinued. Transportation costs 
mt a vital i»iiit in factory location, appl3ring both to incoming mate- 
rials and thc^ produced. The manufacturer of heavy and bulky appa- 
imte, for tie nMst part, finds it net^sary to establish plants in locali- 
ti« where the market cm be met wiUi the minimum transportation 

*A antomtoiie maiiufacturer recently had ids production tied up 

'1^ i ii tile p^t erf Iffl tire mannfactiirer, MthcKigh mrs were coming off 

to Inc la oaal, he was not Ale ki secure tkm to put on them, and as 

a nmit to pkate were temporarily closed up. To prevent a recur- 

iwfe erf mA/* ti» automtoile bcalder ccmjrfroeted his own tire mann- 

factwiig | 3 &iil m a ditnet imtel fiF harmoniotB relataons between employer 
awi wil mow Imihi a wiffiiiently large proportion of his tir^ there 
to immm mmMmmtm opem^cm of to a^mbly lloffl. In tto ease, the freedom 
fw«i Wm* WM a <teteininiig facte in the location of this tore plant. 
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Law^s made by mr varwm governmental authorities influence the 
desirability of plant location. Such laws relate not only to taxation, 
but also to such matters as factory inspection, labor rates and rela- 
tions, working hours, child labor, incorporation costs, com.pensation 
insurance, and employee security. Mii^issippi has passed laws, for 
instance, making possible complete public financing of industries, pro- 
Tided that raw materials from the state are utilired. 

The location of the market is often predominantly a factor in 
choice of factory site, and leads all producers of commodities to IcMiate 
plants centrally in respect to the market area to be served. 

It has become quite common for states, counties, and cities to pro- 
vide special inducements to manufacturers to establish plants within 
their jurisdiction. Taxes may be eliminated, free plant sites made 
available, and other inducements offered in order to attract Industrie 
which employ labor and add to business activity. 

Rents and property values differ greatly in various immediate loca- 
tions — likewise the cost of buildings. 

Hazards due to fire, earthquake, etc., and the disposal of waste 
materials and the discomfort from noise, are all factors which are of 
distinct economic significance. Most municipalities have zoning laws 
which forbid erecting factories within certain districts. The emission 
of heavy smoke, gaseous fumes, or an abundance of fine dust r^ulting 
from manufacturing processes may affect public health adversely, and 
cause complaints and costly lawsuits. In many of our states, plants 
were originally established on the banks of rivers to obtain a supply 
of water and get the advantage of transportation by water. Waste 
materials and sewage from these plants usually went directly into the 
rivers, r^ulting in their pollution, a practice which is being forbidden 
to a great extent through legislation and is being eliminated by in- 
creased installation of sewage-disposal plants. 

Increased tax rates have influenced the location of plants greatly 
and, in some instances, have caused changes in plant location to other 
districts where such rates are lower. 

As a matter of fact, most new plants are established by existing 
companies, and here other matters of practical consideration enter into 
the question of selecting a plant site. An msting enterprise may 
ha¥e one or more plants in different localities, and is faced with the 
problem of expansion, which leads to the selection of an additional 
plant site. Therefore, attention must be given to all the factors tiiat 
have been named, but also the selection will be made with reference 
to existing plants. For instance, a manufacturer of equipment used 
in all cla^^ of building, such as vmtilating apparatus, may have two 
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plants located in the northeastern part of this country — one in New 
England and another in the north central states. In an endeavor to 
serve the market better in stat^ west of the Rocky Mountains, and 
particularly the Pacific coast states, it becomes desirable to establish 
a manufacturing location in that region. Let us say they select a 
manufacturing site at Emeryville, California, which is found to meet 
the mmi advantageous conditions as nearly as possible. A decision 
must also be reached as to what operations will be conducted at that 
whether all cIms^ of product will be completely built there, or 
whether only certain products which must be furnished on short deliv- 
ery and built acTOrding to individual customer needs. 

Furthermore, there may be economic advantage in building certain 
i^idardised parts of the equipment in one or both of the eastern 
plants, thereby gaming the low-cost advantages incidental to quantity 
niMiufacture, and carrying a stock of these at- the Pacific coast plant 
which ean be in completing equipment there. Many companies 
h&m thus found it desirable to ^tablish what is termed ^^assembly 
pknte,^ or plants which combine, in the manufacture of the finished 
product, parte made el^where and parte, usually of a special nature, 
made locally. 

mmpmnm which build a variety of products usually endeavor 
to ^leet manufacturing Iwations suited both to meeting the local mar- 
ket and to making the individual product — as must a manufacturer of 
equipment and suppli^, for instance. A manufacturer of a variety of 
machines used for canning and proserving, handling fresh and dried 
fruits, and similar equipment, has established plants at several locali- 
ties. One plant, for instance, at Portland, Oregon, makes apparatus 
for grading and packing fresh applos and other fruits raised in that 
iwsti« of tiie cmmtiy, while oHier plants are located in Southern Cali- 
fomia and Florida mimufiMjturing machin'es for wash,ing, grading, aria- 
&Mly aad fmcking citrus fruits. Since this same company 

Mai:« in^tion pumps, cue point of manufacture is in centra Gali- 
fimiia to mm toe esrtensive n^is w^ of toe Rocky Mountains. 

In view of the constant change in the location of markete, and to 
a ^»i®r aKfeat in nature r«>ure®5, power supply, labor supply, trans- 
pwimtom faciittai, and tox burdens, many manufacturers are always 
with ie^CTiteato», of toeir factory locations, and must consider 
adv^Jbility of ex|»adii^ one factory location and reducing toe 
^ mi of mmMm. 

It wil im mm no fcwnnda ma be wntrived which will deter- 
pli»t Imtiwi. defflwm must be after an a^^mbly 

irf, ^ f «ioa of toe W, a sfaidy of trends, 
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the application of experienced judgment, k few examples will illus- 
trate recent decisions regarding plant location and expansion. 

k manufacturer of coal stokem, used for house heating and in build- 
ings and smaller factorieSj developed his business in the extreme North- 
west. As business grew^ he found the location desirable in all major 
respects, except for the distance from the main sources of raw materials 
and from the large markets. The manufacturer decided to acquire a 
manufacturing location in the eastern part of the country, and, upon 
the bask of these economic factore we have been discussing, selected a 
large city in Ohio. The selection proved to be sound, and before many 
yearn this developed into a much larger manufacturing location than 
the western one. The greatest demand for coal stokers exists where 
temperature conditions are severe, coal is cheap, and competition from 
other forms of heating less pronounced. 

A manufacturer of small electric motors for driving appliances used 
in the home, office, and shop ^tablished its factory many yearn ago in 
New England, since this company had several scattered plants making 
various products, and it so happened, at the time of establishing iJhe 
small motor factory, that one of the company^ New England plants 
was vacant and available. The decision to manufacture small motors 
at this point was based upon th^e facts at that time: 

Favombk 

The availability of an exkiing vacant plant, which, with minor 
fication, could be adapts for iim purpero. 

A gCKxi labor market, conristii^ ci tool and die makers, machine 
operators, and asMnblers, 

Ihe avaikbilty of the more expensiTe finished materials, such as bra« 
and copier. 

Oi^p and reiable powmr. 

R^sonably good traMporfcation farilties. 

A market for Urn manufacteired prodiMt in die g®errf r^ca of 

jtot. 

Bistanre from the imdn supplying pe^ts of steel and iron. 

DistMice frem Ihe large market (liters for staadardiwl snail motors 
i»ed by such comi^iiiies bb manufaeluTe dwtrictily o|»rated wash- 
itig machine and vacuuin cleaners, whirii were located, princii^illy, 
in the MMide W^. 

After sevmal years, a oisfilete stoiiy of plaal localkii wm 
in lelaliciii to this prcMhicl. In ttie meantime, tiie market c®ter lu^ 
nwvedi fartii’fflr wwi, and was found to "within tihe repon <»vered 
the glat« of Ctiio and Iwiiiuia. Al^, otirm: appeaiml for tiie 
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™=tinE mamfartumg spa,«, and mack ol tie prodactive 
ol the Kew EngUad pl*at. From a careful san-ey, and a detailed 
Ldv of available factory aitea wUcli, oiring to poor basmeas coadt- 
were many, it was decided to parchaae aa exishng vacant plant 
in a medium-sized Ohio town, and equip this m e modem way, disoon- 
linaing manufacture in New England. Favorable condrtiona of maun- 
facture were thus met, such bs : 

Clmenm to the center of countrywide demand for the finished 
Escelent tramportation facilities in all directions, by rail and truck. 
k suitable aad low-priced rite and building layout. 

GckkI iat>or market: almcBt entirely native workers, many of whom 
Ived In the country within easy acc^ to the plant. ^ 

Cheap and rehable ^wer, and low-coet fuel for heatmg. 

Favorable tax conditions. . . , . , 

Oo»iiess to a supply of raw and semi-finished materials. 


A manufacturer of vrater supply pumps, located in Southern Cali- 
fornia, built up an extensive business on the Pacific coast in the irnp- 
tbn fields. As this company developed, it found an expanding market 
for its products for irrigation n’ork in the entire southern part of the 
United States, as ■well as foreign countries to the south. Moreover, an 
expanding demand developed over the entire country for these water 
pumps by smaller municipalities, and by many types of mdustnes such 
as pai:wr mills, petroleum refiineries, chemical plants, laundries, and 
dairi^. Distributors and sales supervisors -svere established over the 
entire country. As business gre'w nationally, it became increasingly 
difScult to meet the prompt demands of customers -who required a ■wide 
■variety of pump sixes to meet various operating conditions. A manu- 
facturing location east of the Rocky Mountains -was considered, and 
it was decided to locate a plant somewhere in the central part of -fee 
country, this decision being based upon those economic factors which 
we ha"ve outlined. A vacant plant was located in Missouri, and its 
choiw has prov«i economically sound. 

Indmtrial manufacture is continually on the move, and during 
recent years this tendency has been accelerated.® The very factors 
which we have named as of consequence in selecting a factory location 
are, in most instances, underling continual change, and are the moti- 
vatbg forces in indr^trial migration. Not only is management becom- 
ing more alert to a careful appraisal of the various factors regarding 
location, irfiich influence sncce^ful production, but it is recognizing 


sRefneiMse: “Paper Goes Soath,” D. H. Industrial & Engineering 

V, October, 19®, p. 1110. 
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that there are limitations to the economic size of an individual plant. 
Some industrial leade,rs have been giving increasing thought to decen- 
tralization * of manufacture bj developing a plan of establishing small 
plants, many of them in rural communities,® where wwkers can enjoy 

^ater security through part-time farming. 


Chabxm P. Wood, *^Where to Locate the Plant/’ Factory Management and Mak^ 
ienance^ April, 19S7, p. 46. 

Gk»ge C. Smith, "Where Shall We Build,” Factory Management and 
nance f April, 1^, p. B39. 

"Industry on the Move,” Budnem Week, February 27, 1937, p. 43. 


THE FACTORY SITE, BtTILBIMGS, AHB FHRHISHIIIGS 

Many times, thc^e who find it nectary to establish a new manu- 
facturing site and buildings can choose between the alternatives of 
purchasing an existing plant or erecting one. In purchasing an exist- 
ing plant, although the initial c<^t is usually tempting on account of 
the low outlay, additional costs occur, owing usually to the necessity 
of repairs and changes. These are commonly underestimated, and 
almost always production cc^te are higher in an old plant than in a 
modem one which is designed and built to meet the exact requirements 
of the purchaser. The most common caus^ for this are lack of ade- 


Reference: ‘*I>eceiitrali«atioii of Industry/’ W. J. Cameron, Meckmmd En- 
gmcertiig, July, 1937, p. 48^, 

® The advantages of small plants in rural communities are well portrayed in 
the following excerpt from the article *The Big Idea Behind Those Small Plants 
of Ford’s,” Arthur Van Viissingen, Factory Mamgement and Mmntemnce, April, 
im, p. 46: 

"Taking a few operations away from the laige plants and putting them 
into anaJl plants does not mean that mass production and ceatraliation were 
mistake in the first place,” Mr. Ford likes to Mint out. "It ^ simply meaiffl 
that, toving learned certain things in centraliaed mass production that «uld 
not have b^n looned otherwise, we <mn now apply them in small plants. Ete- 
<»ntraMzation is not a retreat or a eonf^m cd error, but an extenaoa of the 
fruits of es|»rience. 

"The small plant in a vills^e or in the country makes for worki^ 

conditions, becaii^ it peimite a more natural life. This, of course, ia primarily 
due to the village or country itself. The life of an American village is a 
pretty fine thing. What the sonall indwtry can do is to make it poMble for 
people to wntinue to enjoy the wholesome life of the country and at the 
aune time enjoy a city income. 

"Removing indliKlry to the country for the purw» of paying lower w»g« 
m not decmtralimticm. It m the hck of ineome that drives people from due 
wmntiy to Ite city. A dty income ia cwintry airroundii:^ is easily pa®i>le — 
and thA t B what our mmll plants are intaidea, for one thing, to demoirtmte.” 
Reference : "Some Advantage of a Euml Community from the Pewmal Re- 

Stettdpoint,” R, C. Taft, Iron Age, August IR, 1937, p. 41. 
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qiiate and modern floors, light and power distribution systems, and 
facilities for heating and -ventilating and the handling of materials. 
The choice l^tweea the purchase of an existing plant and the erection 
of a new one is based upon economic factors, many of which can be 
^tablished in a reasonably definite way. 

In choking a factory site and determining the physical characteris- 
tics of the factory, we encounter a variety of economic problems, gov- 
emed by ^tablished conditions concerning the product to be made, the 
proceaes involved, and those natural or existing conditions due to the 
imediate and general location. 

So far m the site itself is concerned, these factors are of major 
iin|»rtani^: 

ImM c(M of the laad, which must include sufficient space for the 
BOTMiry building, outside stora^ space if required, parking facilities, 
mmd land require for future e3q>ansion ® 

SmtabUity of the location, with r^ard to such matters as transporta- 
Um, waste dkpcBal, water supply, the availability of power and gas 
supply, proxunity to homes of employees, and also the size and nature of 
the buildings to be erected, 

Widme of tod, widi r^rd to die cost of foundations, driveways, and 
of ^rious hazards from flood and other destructive agencies. 
E^eMrmtwm impend by local govermnents. 
o| tcttea. 

& far ms the factory structure iteelf is concerned, what course of 
WiaoHiic msmnmg must be pursued? Should one large building be 
erwteJ, or smmd $fmU&r ones! Waste floor space is more likely to 
where mwtml building are' erected, and these are more costly to 
however, the hazards involved in certain operations 
ji^fy m detaeh«i structure, ms for a n^tal foundry. Or again, such 
paisiite m testing, r^arch, or proving may be carried on more suc- 
iw»fiiy ia huildinp set apart from production. 

Next, a wieolhm miBt be made of the type of building to be erected, 
idadi itepeods upon factors and their impo’rtan<^ in comparison 


« 'lh» of ft iwitisliy ” was biiiE in a mley heemuse the land 

tai te> f«adto as m mducement to bring bis enterprise to that 

liWkIto- T^ «Kipdiy f«^p«ie4 with the pa«age of the years, and wntiniially 
it 'Crvffliy swaiWyte aipare foot ground in the 

oi niw^fcy te)ok the fcain of ^totmde^ plants wMeh 
from tte parent plant* Tins intrcKineed mMor 
fowii hi a dB^te-plant enta^^wse. 
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with the suitability ^ of the building for the product and processes in- 
volved. It must be decided whetlier to erect a single-story or multi- 
story building.® In general, we can compare the advantages and dk- 
advantages of these two types of structures somewhat as follows: 

The single-stoiy building is advantageous where land is comparatively 
cheap, where tax,^ are low, and where the prainct can tet be manu- 
factured in "straight-liDe'' production. In favor of this type of building 
is its superior natural lighting, ea^ of plant tramportation, and greater 
effective ioor area. 

On the other hand, where land is €xpens:ive and S'pace limits, the 
multi-stoiy of building com^ into its own. The low-er emi of raif 
and foundations as calculated per square fcx>t of floor space k also an 
advantage. The precedes of manufacture of such prcxiucts as flour aiMl 
cemmt practically dictate a multi-story construction, sina gravity con- 
veyor sj'stems are advantageous. Often, too, the multi-story idea provida 
for the expansion of an industry icKjated in a crowded or cong^ted dk- 
trict, where expansion on the ground-floor level only would be impcMibfe. 

Likewise, a choice of the types of construction used in single-story 
or multi-story factory building is nectary. These are: 

Structured sted. This type of construction permits heavy floor loads, 
long spans, and tail buildings. 

Mdl construction. This type k made up of brick walls with timber 
framing, and is low in first cmt. 

Bemforced concrete. This type of building giv® great strength and 
permanency, without exc^ive first cost or high maintenance and depre- 
ciation. Its chief disadvantage in the reduction of useful fiwr space 
cau^ by the heavy beams and ixdunins that are i^re^ary in the con- 
stoiction of the building. 

Forms of beating, lighting, ^mitilation, and even cxwlkig, lead us 
into considerations which Include ^tablMi^ed facte and Judgmeat 

^ It is well to point out here that, evm though the factory building mmm into 
actual being before the layout of preduetion and prooeMs, it is not de- 

aigiied in a antilar order. Ihe next and step after »tc election is to 

develop fuly the productive layemt as intmded, Hien, and ttei caily* AouM 
the factory buildh^ be d«gn«i to houre this layout bwt. 

® A prominent machine tool builder, locate! in New Engknd, is establiid»d in 
an old miilti-dxwy plant near the c^ter eff m important city. The ijmn^ein«t 
iw)aatly purchased an attra>ctive ate in the ontsMrte of the city and » amting 
a hr^ one-story pknt, witii two-«tey office building, p^wer house, and 
Tm ymm the madbine i^Kiuired weigh«! only mmm 10,^ pmiwte, 

but teday madmtM we^iiiig as miida as pomods are The Mte 

em mm he wel provided fee, in iie new si^le-stoiy fsetory kye»t, and wm 
©that advaitogas will be dblamcd from point of pKxhmtiim and b«fcAt ’ 
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factors. Scientiic iaTcstigation is continuallj providing ns with in- 
creasingly definite informatioEj for mstance, on the relation between 
conditioned air and the health of employeeSi the effect of better illu- 
iiinatioE in the elimination of errors and waste, and the result of color 
schemes * upon the tempo and enthusiasm of the workers. Thus, there 
are l»iiig established an increasing number of economic factors which 
formerly were not recognized as such. Architectural beauty in plant 
design carries with it an economic advantage through its psychological 
effect upon customers and employees, alike. 

Flexibility in factory construction from the viewpoint of a change 
in the nature of the product or process may involve interesting eco- 
nomic problems which rest largely upon judgment factors. Years ago, 
a manufacturer erected a multi-story factory, in a middle-western city, 
for making electric lamp bulbs. It wms at a time when automatic 
machinery for this purpose had not been perfected but was the subject 
of extensive research and development. 

Shortly after this factory was completed, the perfection of auto- 
matic machinery reached a point where it became practical and gen- 
erally adopted by lamp-bulb manufacturers. The plant which had 
been erected was found unnecessary, because ample space existed in 
other plants of the company for making, by automatic machine, many 
times the number of lamps required to meet market demands. The 
new plant, which was of light construction, lay idle for years, since it 
was unsuited for many elates of manufacture requiring heavy produc- 
tion machinery. 

AMmr S. Low, ^'What's in Pknt I^gn,” Factory Management and M<dn^ 

Ummmtg April, 1^, p. 56. 

A. Kixmw fWhjson, ‘‘Modem Trends in Factory Budding,” Mill emd Factory ^ 

Frfmiwy, 1^, p. 51. 

MfWK KahlKs Tyi^ of Pknt to Build," Factory Management and Mamf 

e, A|«l, p. 51. 


FOR PRODTJCTIOIT 

Ii the dkciMion of financing an enterprfee, we referred tO' the n^^es- 
sity of capital, a large share of which is required for production facili- 
ties, when considering manufacture or the furnishing of various forms 
of serviee. It is quite neassary in giving thought to^ a productive lay- 
out that we fix our minds upon tihe value and nature of capital. 

SappcMing IJi&t one hM $10^CX)G in cash, there are an infinite num- 
l»r of ways in which it wuld he mv^ted or spent — or it could 

* lef^aDe: “Oitar lawiMies Pknt Efficiency " Steel, August 15, 193S, p. 61. 
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deposited in the bank and a small interest rate obtained. In the form 
of currency, it is distinctly liquid. If, on the other hand, we purchase 
a plot of land and erect and equip a factory for the purpose of manu- 
facturing a certain product, the capital no longer is liquid, but depends 
for the maintenance of its value upon its ability, thus invested, to pro- 
duce a profit. When it ceases to produce a profit, thus invested, its 
value starts to shrink, and if this continues, the whole or a large share 
of the investment is lost. 

Assuming productive facilities in the hands of an enterprise pos- 
sessing an efiBeient distributing system to an existing and expanding 
market, the value and stability of the enterprise’s investment in pro- 
ductive facilities depend upon : 

The suitability of the productive layout for the purpose intended. 

The manner in which the productive layout is operated. 

The continuing advantage of the location of the productive layout. 

An adequate method of depreciating the value of both plant and 

equipment. 

Frequently, in business today, we find some weaknesses in such fac- 
tors as we have mentioned which are overcome by particular skill in 
others. For instance, we see old plants, often poorly equipped, that 
are so well managed that they can continue to operate against the 
competition offered by modem productive layouts, which are poorly 
managed; or, again, we see plants, poorly located from such viewpoints 
as the location of raw materials or of the market, that continue to do 
well owing to extremely clever management. The value of the invest- 
ment, therefore, depends to a large degree upon management, for from 
management spring factors of weakness and strength. 

When we consider actual conditions in business, we find that a 
large majority of new plants are eiocted by enterprises which have 
b^n in business for some time. Their experience serves as a guide to 
ike extent and nature of inv^tmente in additional manufacturing facil- 
iti^. With the many change that have taken place in producte de- 
signed wiili greater-regard for efficient manufacture, the improved man- 
ufacturing equipment which has become available, and also improved 
proc^^, there has been little need for additional manufacturing 
space. Economic consideration has been given, rather, to modernized 
manufacturing facilities applying to factory buildings, production 
equipment, and the layout of the latter. Modernization has become a 
creed in industry. 

Management is rapidly lealizing the desirability, from an economic 
viewpoint, of undertaking plant in^rovements when manufacturing 
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- At Riifh times, the work can be done more eco- 

activities cause the least disturbance to regular production. 

In establishing additional manufacturing facilities, management has 
*u nf Sing its ots-n capital, or renting factory buildmgs or 

equipment or both. Modified arrangements of all sorts may be eco- 
Smcally sound as. for instance, rental with the option to purchase, 
which nmy decrease the risk of having to vacate and also P”‘ 

Ih^rl opportunity to satisfy himself with the property before buy- 
ine it ilugain, we find instances where new factories are erected for a 
^Lar tem;nt who enters into a long lease with or-m hout an op ion 
LT-hL. In reaching a decision between the rental of a plant or 
SeWhase of it. the following factors are usually pertment. 

of OWMTShip' 

Pcffiibility of increased land values. 

AvciilaBce of rental chaife. . 

^rmanency of po^on enabling freedom from loss as improvements 

event that a new plant is erected, it can be made to suit the 

"^A^tog^PPlj-ing to property owners, as taxpayers and commumty 

siip|K>rt€rs. 

of rented: _ i i x- ^ 

Decrea^ risk by avoiding investment in unsuitable location. 

Le® capital required. 

'tMMu&e of feed charge, tax^. 


GENERAL PLANT ARRANGEMENT 

We can best get an idea of the general layout of a manufac^g 
plant by i^roachii^ it from the viewpoint of the various fimctionai 
Miivitiw of the entire plant. Let us consider a plant of medium size, 
whkh b completely self-contained and provides for all functional ac- 
tivitiffl of the enterprise, aside from distribution involving local wai^ 
h«»riag, service, and sales locations. Such a plant must provide facili- 
iim f<ff perforaung diese main functions, all requiring space and equip- 
iwait, m foillowB: 

6i, to be occupbd by the adnunfetraiwe, executive, and cfebal 
Power pbnCi, for producti<m of power, if such is not purchased. 
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Emphyees^ welfare quarters, wMch may Incliide such faciliti^ as cafe- 
terias, recreation and r^t rooms, emei^ency hc^pitais, and even an audi- 
torium and athletic field. 

Garages and parking lots, to provide faciliti^ for emplo}"^ and 
visitors. 

Warehome faadities, for raw, semi-finished, and finished products. 

Transportation facilities, including railroad trackage and truckways, 
with necesaiy^ platforms for loading and unloading materials. 

Manufacturing facilitiesj for handling and proc^ing prcxiucte in the 
course of production. Obviously, in mc^t plants the greatest space and 
the largest amount of equipment are required to provide manufacturing 
facilities. 

Each of th^e different facilities must, in the interests of economy, 
be provided with relation to the others. Offices must be easily acces- 
sible to employees and visitors, as must likewise garages or parking 
lots and facilities for employees^ welfare. The power plant must be 
located principally with respect to saving losses in the transmission of 
steam and electricity, and eliminating as much costly cartage of fuels 
as possible. Transportation facilities must be placed so as to handle 
all materials which come into the plant or leave it, in an efficient man- 
ner. The greatest attention must be given to the location of manufac- 
turing facilities, however, for here we have the center of greatest 
activity. 

G. k. Tan Beunt, ^TSow to Make Your Old Plant Better,” Factory Managermni 
ond Maintenance, April, 1938, p. B61. 

An excellent chart showing the general arrangement of the Buick motor dividon 
plant, appears in MiU and Factory, June, 1938, between pages 1^ and 1^. 


THB PRODUCTIOK DAYOUT 

In following raw materials through to the finished product, we find, 
fmm a manufacturing standpoint, that value is added to the materials 
in Ihe form of proce^mg and handling, lK)th of which involve Ia!x>r 
and overhead- This represents value added by manufacturing. The 
physical manner in which manufacturing is set up will determine 
greatly the cost of this add^ value. 

Before launching into any discu^on of production layout, it must 
be pointed out that the problems in this r^pect are by no means 
hmited to the ^tablishing of a new plant. Factory management is 
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often confronted with the re%i- 
sinn of m uneconomical maim- 
facturing layout, or it may ha%*e 
to meet the needs of eicpanding 
output under conditions where 
space is deiaitely limited* Many 
enterprises started with simple 
manufacturing proc^ses that re- 
quired very little planning to 
wtablkh. As the plant and 
proe^es gnew more complete, 
ittoie machines we,re put in, and, 
quite natuimliy, they were lo- 
cate wherever there was space 
for them. As a result, in the 
§ow of material from raw to 
finished state more time was 
§f»iit in., transit between proc- 
than in processing itself. 

Haphamrd layouts of this kind 
must be revi^ for economical 
continuation of production. Simi- 
larly, plante have been built with little provision for expansion, so that, 
when the need for expansion comes, only a revision of existing layout will 
allow for it, the problem being one of greater utilization of a given space. 

I^t m consider a plant manufacturing four different metal-fab- 
ricatei products, which we shall call A, B, C, and D. Each requires 
certain ofwrations, such as machining, grinding, buffing, punching, fin- 
ishing, and ambling, which we shall dmgnate by number. Figures 
1 and 2 ilustrate the two extreme of layout in which each product 
nnght be <»inpleted. In Fig. 1, we have a plant set up in eight sepa- 
rate departments, each of which performs one processing operation 
€ 3 e!y. By following the four product from raw materials (designated 
Ar, Br, CJr, aud Dr) through to the finyied state (designated by 
it/, J?/, C7/, and B/), we me how materials in such a layout must move 
from departuBiit to departimit as manufacturing proceeds. 

Ott ttic other hand, Fig. 2 consists of four divisions or departments, 
€»ch of which is «t up fo proc^ comiieleli/ one of the prc^ucts from 

"Littd Out to 0Ea«lte M-ore,” G. ¥. Folkrd, Factory Mmmge^ 
mfwl A.pri, 1^, p, 

**Coiai»Jci frena Modornimrioa.,^ MM emd Pmiory^ 

r, 1«, p. a. 



Figiiie 1. Manufacturing on a proc- 
em basis, showing eight departments, 
each doing one particular process only. 
Each cbcle indicates a processing opera- 
tion on the particular product indicated 
fay A, Bj C, or D. 
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raw materials to finished 
article. This requires a set- 
up for the materials to flow, 
in the same sequence as in 
Fig. 1, through the various 
processes, but all processes 
required for one product 
are confined to a single 
division or department. 

These two extremes are 
termed ^^process control’’ 
and ^^product control,” re- 
spectively. A layout for 
manufacturing on a basis 
of process control, hence, is 
purely departmental as re- 
gards processing; on the 
basis of product control, 
there are many ^finner fac- 
tories” within the main 
plant, each having facilities 
by which a continuous flow 
of materials through the required processes is accomplished as a 
single unit- 

Our concern with manufacturing layouts in this book relate to 
principles of the most economical way of setting up production. To 
arrive at such a layout, we must balance the economic advantages of 
each system— that is, process or product control — and select a system 
or combination of systems which is most economical. 

The advantage of the fimctional or proc^ method of layout are: 

Fewer macMn^ n^ed for an equal number of product lines and 
volume of busing, since aH operafions requiring a jmrticular proc^ are 
done in one plaee. 

Specklimtion of workei^ and supervisors imiiting in greater efficiency, 
owii^ to their cnneentration on one line of work. 

Simpiification of departmental layout as well as faciliti^ for mainte- 
nance and repair, sin^ only one general cla^ of machines is to be dealt 
with in cme pla<». 

Smpli&ation of power transmission and higher load factor on ma- 
dun^, ance 'em deputoQient handle all the work required in a given 
proe^, such as grinding, punching, or buffing. 
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Figube 2. Manufacturing on a product 
basis, showing four divisions, each with facili- 
to process a particular product completely. 
Numbers in circles refer to operations riiown 
on Figure 1. Note that relatively little han- 
dling is required. 
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On the other hand, the advantages of operating on a product con- 

’'^«rtlv^ueed amount and simplification of plant transportation and 
product passes directly from one operatmn to 

taStog'^ot be completely eliminated, it can be mecha- 
daed ^-ith simplicity, o^ing to closely adjacent Proc^- 

Eliminatioa of inspections, temporan^ storage, counting and oth 
nLessarj- Th time materials transfer from one departmen 
tTthe other in a proces control layout, smce vanous processes are not 

p».p.« b, .h. 

oroduct pnweediDg from operation to operaoon witb the lea^ 

sSb “X* " "toeeee of Produclnm 

“'^S'mork mtd oporations encb es eehednling. routing, diep.tehing, 

‘^lS^^'1.l''Sp«»i“ty for nmOit, end »K of P^«^» 
of product is po^ible. since aU operations are under the immediate re- 

toe ore bningh. .bon. ttough 

tlic large reduction in han'diing time. 

From a careful study of these advantages of the two ^ste^ of 
plant layout, one sees that there must be a careful and unbias^ bal- 
ancing of all economic factors so that an “onomcally wise sele^on 
for the general scheme of production layout will be adopted. With 
few exceptions, the resulting layout is a combination of bote prciduct 
and process conteol, the scheme varying with the vanety of products 
Imilt, exiting and anticipated volume of busmess, relatro^ips of 
prodneta to one another, and the nature of the piquets. The layout 
gele*ted should represent a maximum of economic advantages m tee 
interests of ininimum production coste. 

Rx 

K. “Bee Linfi Ftow with Room to Grow,” Factory Mamagetneni 

amd Mmnlenimce, Octob^, P- 52. , t.. . r *i, 

irt diowias tee eompiete laycwt at tee Deteat Diesel Plant of the 
Mates C3orpo«»teH», MM cmd Factory. June, 1938, between pages 138 and 139. 
UM H. MoKteSB*. “Ptat Layout.” Factory Management and Mmntenance. 
May 1838. p. 8245. An excellent treatment of the layout for production. _ 
A. F. “A Ctm m Small-Plant layout,” Faeiory Management and M(^ 

tmmnet, June, 1838, p. 61. An efxample of a moall self-oraitaiiied plant withm 

a tmin ptot. — 

t*Eefeim«: Out to BEandle Mom,” G. A. Van Burnt, Fact^ Mon- 

ej/emnt md Mmnttmmee, Deoember, 1987, p. 79. This artide illustrates tee 
produci eentool basis d proctaetkm ia an actual concera. 
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PROCESS PLOW CHARTS AND FLOW DIAGRAMS 

The process Sow chart and Sow diagram are indispensable tools 
in studying a proposed production layout or revising an existing one. 
A flow diagram or flow sheet is merely a floor plan of production facili- 
ties drawn to scale, on which are located all points of processing and 
the route the materials take from raw to finished condition. Accom- 
panying the flow diagram is a flow chart which also follows a product 
through the steps of manufacture by listing vertically, with the aid of 
symbols,^ all operations and each individual act of inspection, trans- 
portation, or storage in the sequence in which they occur. Opposite 
each symbol for an act of transportation is indicated the distance 
moved, and after each operation symbol, a description of that opera- 
tion. 

Using these two tools — ^the flow chart and flow diagram — one is 
able to visualize every move made in product manufacture and the 
amount of handling and processing involved. Several schemes can 
thus be accurately compared in seeking the most economical arrange- 
ment for processing, once the general method has been selected. 

In using flow charts to arrive at an economical layout, each symbol 
should be closely scnitmized, and these questions asked about each: 

1. Can the operation be eliminated?^® 

2. Can it be combined with another operation?^® 

S. Can the sequence be change? 

4. Can the particular operation be ^plified? 


^®I^veloped by Frank B. Gilbreth, the more simple of these ssrmbois are: 

Q — Symbol for an operaflon. 

Q — Ssrmbol for a transportatioii. 

V — Symbol for a pennai^t storage, 

^ — S 3 rmbol for a tenporary storage. 

O — Symbc^ fm* an iii^)ectoa- 
@ — %mbol for a trai^)ortaticm by conveyor. 

(g) — %mbal for a tonsportaflon by devator, 

(g) — S^bol for a tran^rtation by hand trade. 

0 — S^bol for a trai3^>orfcation by dectric Irack- 
0 — ^rmbol for a teaaBp>rtaflon by man. 

i^From “Plant Layout,” Allan H. Morgens®, Factmy Mmmgemmd mwd 
Mcdntemmce, May, 1936, p. S251. 

^ One company developed a highly eflhcient record system for a proc^, but 
cl(^r examination showed that the operation was unnec^sary for the work 
actually required could be done by one man and a duplicating machine, instead 
of five clerks. 

kmrd iwr ©cmapany e&nmated feam^rfli^ materials long distance to and 
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With the aid of such flow charts and flow diagrams, savings are 
often put into effect that would remain unrecognized if the processes 
were not thus viewed on paper. A deflnite economic perspective is 
obtained that is not possible merely by viewing the actual operation. 
Many plants go further and use models of their proposed process lay- 
outs in addition to the charts and diagrams, and often the flow diagram 
is an isometric view if multi-story production plants are involved. 

RsmtENCES 

L»wis K. UwmBJm, ‘*All Flow, No Ebb,” Factory Management and Mainte^ 

wmee, Mtrcii, p. 63. 

fjjiM T. CoHif«s, **Pay-Off on New layout— 150 Per Cent,” Factory 
^meni omd Mmmimance, July, 1937, p. 57. 


PITHBAMEIfTAL FACTORS IN PRODUCTION 

HsTing established in our minds the general conditions and meth* 
ods loader which an enterprise is to operate, we will next consider those 
factors which directly influence physical production. Such factors are 
either: 

Beyomd the ccmtrol of productioa management, or 
WUhm the control of production management. 

We shall study each group of factoid separately. 


from a drilliB® machine by installing a portable drill on a machine doing another 
prc»^«. This alro eliminated one man at the drill. 

manufacturer, in studying the flow diagram of his product, noted that 
the production line had to be intemipted and the part in process of production 
aurW to an in^fwetor’s tabfe to test for thickness. By the installation of an 
Mtoiiiatic record^ thickn^s puge on an adjacent machine in the production 
line* tte inspecticm was combined with the operation, thus eliminating delay, 
at the inspectoris stand, and transportation to and from the 

p 

A flow diagram dMsl<»d that one product in a certain plant left a shear- 
maciimet |ma»d a drilling machine in being transported to a punch press, o-nly 
to return to it for drilling after the punching operation. This backtracking was 
elminated when it was found practicable to drill the material before punching it. 

**A manufacturer ol:^rved an operation wherein six holes were being indi- 
vidually drilled by an opamtcw. 'The operation was simplifi'ed by the installation 
of a muilipte dril whidk, by one setting, drilled all six holes at one time, 

wiA tfe «mpl&sation and saving in labor. 

€l»rte eimI flow diagrams are illustrated in their application to 
the Cfronomiad poduction layout, in Eccmomic Study HI, Chap- 
t» XVHL 

tofi 1 m to do only with production, not the gmeral 
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FACTORS BEYOND THE CONTROL OF PRODUCTION MANAGEMENT 

Those factors which influence production and are beyond the con- 
trol of production management relate to volume, variety, and con- 
tinuity of product load, the altering character and quality of the prod- 
uct, and variations in delivery demand. 

In illustrating these factors it is well to bear in mind that orders 
given the manufacturing plant may be of two genera! varieties: 

Orders for stock, that is, orders covering standardized designs that are 
built for warehouse demands, to be sold to customers as they need and 
order them. 

Orders for cmtomers, wherein the product usually consists of special 
apparatus, or standardized apparatus not ordinarily built for stock. 

It may assist the visualization of the factors beyond the control of 
production management to consider a builder of small air and refriger- 
ation compressors. 

Volume. The volume of orders supplied a productive plant will 
have a definite reflection in the unit productive cost. Assuming other 
conditions constant, if this plant devoted to the production of small 
compressors operates at a factory load for which it has been laid out, 
it will operate more efiSciently, and hence the unit costs will be lower, 
than if the factory were underloaded or an attempt were made to over- 
load it. The elements of variable costs which constitute labor and 
materials would, within reasonable limits, remain unchanged when con- 
sidered from the viewpoint of unit cost, as the factory load decreases. On 
the other hand, the fixed costs, such as established overhead expenses, 
would not decrease to any great extent, and consequently each unit 
produced would have to be charged with a larger share of these indi- 
rect fixed expenses, in view of a decreasing number of units produced. 
Hence, operation below full load usually results in high unit costs. 

Factory operation, from the point of view of load, may be com- 
pared with the load impeded upon such a machine as an electric motor. 
For instance, an electric motor deigned to develop 5 hp. as full-load 
rating operates less efficiently tmder a load of 2 hp., or when a tem- 
porary load of 7 hp. is imposed upon it, than it does when operating 
at ite rated load. Lo^es within the motor itself cause a lowering of 
efficiency w^hen it is not operated at the load for which it was originally 
designed. In a similar way, if the productive plant were deigned to 
piDduce 100 eompre^rs in a normal working day, deceased efficiency 
in operation would rmilt if the plant were loaded with only 50 com- 
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p,ressois a dayj of if aa attempt were made to produce 150 compressors 

jf»r da j. 

¥ariety. Ify in the plant building compressors, we made only one 
ijfe and sise, other conditions being equal, we would obtain a lower 
unit cost per compressor, not only because we would employ the prin- 
ciple just stated of having a larger volume per type and size, but also 
because a gain would be made in such items as simplification in plant 
layout, equipment, and oi^ration, all of which would represent a sav- 
ing. Gi^ater variety of productive load, therefore, increases the cost 
|»r unit prc^ueed, 

'Cmtmmtj of OperatioiL Should the productive load of compres- 
based on order continuity be continuous or consistently the same, 
lover mmiM would be obtained than if the production rate were variable. 
Labor could be retained, oi^rators would have no tendency to lose 
skill through idlen^, machines could be well loaded, and other such 
savinp could be maintained. Since fixed costs go on, with but slight 
variarions, even thou^ the factory load falls off, continuity of orders 
will result in a minimum unit c<^t. 

Altering Mature of Product Changes in the design of the product 
pr^nt another factor beyond the control of the manufacturing or pro- 
duction management. It may be the policy of the general management 
of the eompany to pioneer in the design of new products, or, on file 
other hand, competitors may force such changes. For instance, in 
place of reciprocating compressors for certain classes of service, new 
deigns of high-speed centrifugal compressors may be required, and the 
factory management must prepare itself to build this altered product, 
which, of course, involves expenditui^. Such a change would probably 
new equipment and new proc^^ of manufacturing involv- 
ing the training of employees, and, for the time being, decreased fac- 
tory output. Such changes obviously are neee^ary with most enter- 
pr»is and in mcBt factori^; otherwise future production wo^uld finally 
1» aortoilMi through lack of demand for products no longer saleable. 

T1i» mii» condition mi^t confront an enterpr^e operating mom 
tiam mm plant. Lar^ compr^ors, for instance, might be built in one 
plmt «id small €oinpr^>rs in another. It is quite possible, with an 
iacrei^d demand for small compre^rs for the air-conditioning and 
fimal! commercial refrigeration market, that the plant building these 
mi^t become overloaded and hence experience high costs, A solution 
to tiw iwoM«a ^ to move the manufacture of some of the larger 
d«%M of small ^mpre^rs to the other plant, and thus relieve the 
i at the fflaal plant. 
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Quality Factors. Quality factors are based upon the policy set 
and maintained by the general management of the enterprise, and the 
demands of the kind of market which the general management chooses 
to sen^e. Products of high quality usually cost more to build than ones 
of low quality. Here again is a need for an economic balance. Too 
high a quality standard means high costs of precision manufacture; too 
low a quality standard results in few orders and hence high unit costs. 

Delivery Demands. The requirements as to promptness of de- 
livery are also established by the market and are beyond the ordinary 
control of production management. For instance, a large compressor 
of special characteristics which must be individually built might have 
to be delivered in six weeks to meet the date desired by a purchaser or 
offered by a competitive bidder, whereas the shop or production man- 
agement knows that twelve weeks is the most economical time in which 
to make delivery. Delivery in six weeks is more costly than delivery 
in twelve weeks because special attention must be given to this partic- 
ular order and other production may have to be delayed in order to 
finish the job in six weeks. Not only can too short but also too long a 
delivery time be expensive to operations. Lengthy delivery time re- 
sulte in decreased turnover and hence less economical operation. 


FACTORS WITHIN THE CONTROL OF PRODUCTION MANAGEMENT 

In considering production, such as the manufacture of a class of 
equipment, certain main functions are seen to be performed, each of 
which has interest from an economic standpoint. These functions are: 

Sel^fing, installing, and maintaining manufacturing equipment. 
Obtaining, storing, and utilizing materials. 

Labor performed on materials in proee^. 

Assonbly of the finished product. 

Transportation of raw, {^mi-finished, and finished materials. 

Heeping records on materials, operations, and proce®^. 

Toting the finished product. 

In^)ecrion. 

Providing facilities for power, heat, vaatilation, light, water, janitor 
jBerwii^. 

Mspo^ of waste. 

Btoring finMied materials. 

■ 

'Reoormy .rf waste. 

Each of these functeons wffl now be mnsidered. 
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Selecting, ImstaUing mi Maintaining Manufacturing Equipment. 

Prediction management finds one of its most complex economic prob- 
lems in selecting production equipment. Broadly, we know that eco- 
nomic results of manufacture can be obtained only with machinery 
best fitted to its purpose, properly integrated with other production 
factors, and kept in a condition for maximum operating eiOSciency. 

The principal considerations in selecting equipment for production 
are as follows: 

Hie machinery must be fitted to do its job in a simple and efiS.cient 
manner, in a minimum of time, and with as little manipulation and super- 
Tkion as pcKsible. Primarily, this is an engineering application problem, 
but economic limitations must be placed on the cost of such advantages. 

^lachineiy’ should be as versatile as possible. Idle machinery is 
expensive, and a machme that can be utilized on two or more jobs is not 
likely to remain idle long. Specialized machinery can be developed, but 
its initial and maintenance ccsts are high compared to those of machines 
of 4 more standardiied design. 

Obsolescence and depreciation must be considered in selecting ma- 
chinerj’ of any kind, and specialized machineiy in particular. Anticipated 
trends in newly available machines and methods, as well as changing 
demands of the market, should be studied to make reasonably sure that 
tM selection wifi not become suddenly obsolete, resulting in greatly in- 
creased costs. 

Standardization is a prominent ^onomic consideration in equipment 
seleetion. Not only does standardized equipment result in greater maciune 
versatility, but also it reduce the cc^t of maintenance and repairs, and en- 
genders a uniform method of machine operation in which workers need less 
traiaini and are able to operate ^verai machines. Too pften, machinery 
m purciia^ on a ccKt basis irrespective of make, when, by standardizing 
on one make of machine, great saving could be achieved. 

Frequency of operation often dictate whether it is more economical to 
do an o|Kratioii by hand or with a machine. Again, frequency may be 
tlie deriding factor in specialized vs, standardized machine. 

Cmi of iostallaticm and the ability of a machine to fit into the physical 
whemc of layout are economic considerations, 

^ety in the machine relected has an indirect, but definite, advantage 
m rwiwing lent rime, compensation for mjuri'.es, and medical care for the 
work®®. 

The efeet a machine may have on surrounding equipment must be 
cosmdcral. For instance, a macMxre may cause excessive vibration which 
m ikmigii^ to the factory buii&ig or to other machine and proc^^. 

eMTOve nofe may redinre lire efficiency of the workers. Afi 
have an bmiing in sdwting the right machine. 
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Aside from the economics of selecting productive equipment is the 
importance of mamtaining it, once it is installed. Almost invariably 
regular maintenance is cheaper than repair, and is the means of reduc- 
ing repair and renewal costs. Maintenance should be systematically 
carried out,^^ even in times of business depression. It is common today 
to find high costs in industries that have deferred maintenance so long 
that economical operation is no longer possible without making huge 
expenditures for repairs and new equipment. 

Obtaining, Storing and Utilizing Materials. Nlaterials in raw,^^ 
semi-finished, and finished form may be required to form a part of 
what is produced, or for indirect use in the productive process. Every 
phase of their selection and use must be considered if costs are to be 
kept at a minimum. Chief among the considerations are these: 

Materials must be exactly suited for the purpose. In order to get 
such materials, jt is necessary to know exactly what is required and the 
form most economical for use. A sj’Stem of checking their suitability be- 
fore they are accepted must be adopted and followed. Costs rise rapidly 
when processes have to be altered on account of substituted materials. 

Markets for all materials must be carefully watched, and orders placed 
at the time, place, and in quantities which will result in low^er costs. 

Stocks of materials must be recorded in a running inventory. TMs 
enable ordering at the proper time to prevent high costs due to exc^ 
stock, or delays due to replenishing depleted stocks. 

Materials must be conveniently stored near to the point of use, taking 
into consideration cost of handling, time required to secure materials for 
an operation, and other such economic aspects. The advantages of several 
decentralized storerooms for materials vs, a single centralized storage 
system mi^t be considered.*® 

Materials must be safely stored. Great Ic^es have occurred from 
damage to or deterioration of materials in storage, and even from theft. 

Materials must be i^ed under a system by which a clc^e check can 

kept of the use to which they are put. Many eompani^ each year 
wTite off huge which occur through waste due to the purchase of 
materials no longer nece^ry becau^ of some change in requirements. 

Standardized materials should be mployed wherever pc^ibie to reduce 
c<^ and the expenses caused by carrying a greater variety. 

21 References: ^^No- Alibi Mamtenance ” J. W. Bru^L Factory Management 
and Mcdntenance, February, 1939, p. 72; “Maintaining the Budd Plant,” E. Quinn, 
Mini and Factory, April, 1938, p. 64; “Modem Maintenance Saves Thousands of 
Dollars at S K F,” Mill and Factory, May, 1^, p. 74. 

22 Reference: '^An Example of Types of Raw Materials and Supplies Used in 
Manufacturing,” Mill and Factory, June, 1^®, p. 96. 

23 Reference: ^Twelve-Time Turnover Halves Stock Cc»ts,” Fred Pyper, Foo- 
iory Management and Maintenance, May, 1^8, p. 78. 
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Th^e are the mam economic considerations in securing materials 
for productiYe purples, although in Chapter XII, which deals with 
purchasing, we find that various savings are made through ejEcient 
buying. 

LalK>r Performed on Materials in Process. Having considered 
materials, we find the other factor of prime cost of a product to be 
direct labor. Direct labor is labor done directly on the material in 
the manufacturing process, such as machining, grinding, buffing, paint- 
ing, and ^embly. This t3rpe of labor constitutes a goodly share of 
the prime ccBts of a product and represents a definite value added to 
the materials. The actual value added by direct labor depends upon 
tihe quality of the work done and the increased utility of the material 
after having labor performed on it. The value added is not necessarily 
ttie wage paid for this labor, and the two should not be confused. 
Ordinarily, howe%'er, the maximum limit for wages for direct labor is 
set at the value added to the product by such labor. “Wages and prob- 
lexm relating to the worker are discussed in the next chapter, as well 
m Chapter III. 

Conditions for manufacture, productive equipment, and materials 
should all be provided in the scheme for production such that, for a 
given expenditure of human effort upon materials, the maximum value 
will be added to the product. This requires continual revision in the 
methods of applying and supervising labor. 

Assembly of the Finished Product. The manner in which a prod- 
uct is SKembled may have a pronounced economic effect. Assembly 
miBt be performed efficiently and by labor suited to the responsibilities 
of tiie task. ClcBe synchronization of assembly with production sched- 
mlm will eliminate either delays on the assembly line, which may slow 
pi«iiiction, or idle time at the point of assembly, due to assembly 
wheiiite being fi^r than production. Assembly should be an imin- 
teniptei with required parte available at exactly the time and 

pki* i«|uirwi. Likewise, assembly must be competently performed, 
sine* a pwrly rambled product imilts only in loss of all that has 
li«i dose, or dM^mbly and rea^embly of the item under ■expensive 
eoaditiemB. 


T. a LiiUM^ ^Aswffljbb’ Aaalrw,** Aumeri&m Meu^Mmstf Janaaiy 12, §. 


Transportatioii of Raw^ l^mi-Finished and Finished Materials. 
The ^onomii^ of plant teaasportation and materials handling involve 

mf)ortei factors: 
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Time. Materials miist be quickly transported so that expensive delays 
in waiting for materials vill be reduced to a minimum. 

Relation to other operations and to safety. The transportation system 
must interfere as little as pc^ible vitb prcductive processes. In many 
plants, overhead transportation eliminates all possibility of injury to em- 
ployees and leav^ ioor space free from moving trucks. 

Plant transportation must be suited to the product, that it may be 
safely, quickly, and easily moved with a minimum of loss and damage. 

Adequacy. Plant transportation should be selected with an eye to 
anticipated as well as present demands, since changes and additions to the 
system are c(«tly. 

In a given plant, an economic study should be made to detennine 
the time and expense of all transportation operations, in order to estab- 
lish the economy of installing mechanical systems, and to select the 
system that will achieve the greatest saving. 


J. 0. Lakcaster, “More CJonveyors Increai^ Kelvinator Capacity and Efficiency,'* 
Mill and Factory , July, 1938, p. 50. 

Abthtjb Van Vussinoek, "Handling in Ford’s New Tire Plant,” Factory Manage- 
ment and Maintenancef October, 1938, p. 44. 

J. K. Novins, "Conveyor A^mbly Lines for Hand-Craited Products Increa^ 
Production Efficiency 60%, ” MiU and Factory, February, 1^, p. 85. 
Stephen E. Wells, as told to Feancis A. Wbstbsook, "Proc^sing Costs Greatly 
Reduced by Mechanical Handling,” MUl and Factory, August, 1938, p. 78. 

Keeping Records on Materials, Operations, and Processes. Only 
by knowing what is on hand, what is needed, and what is being done, 
can the cc«ts of manufacturing be controlled. Records are necessary 
from the time an order enters the shop until it is shipped, and must 
involve every ph^ of the work done and every material used. How- 
ever, it must be emphasised that an economic balance reste between 
tihe cmis of keeping records and the use to which they are put. Too 
many eompani^ establish so complex a record system that the purpose 
of records is defeated by the high c<^ts of keeping and interpreting 
them. Record k^ping should be standardized in procedure so that as 
little effort as pebble is n^ed to maintain thm. 


W. C. ZiNCK, "Quick Deliveries Because . . . Factory Mmmgmmnt emd 
nance, October, 1938, p. 49, 

Testing the Finished Product. Many products require performance 
tote before they are released for didivery. Such tests are vital in 
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that they establish the quality and ability of the product to perform, 
resulting in satisfaction, which has, in itself, a great economic value. 
Tests also bring out inefficiencies in manufacture which, when cor- 
rected, result in lower costs. 

Testing should be as simple as possible and should be in the hands 
of thoroughly competent men. Procedure should be standardized and 
according to established limits and specifications which are exacting 
enough to maintain a quality product, yet not so strict as to bring 
the costs of manufacture unreasonably high in order for the product 
to pass the test. Records of all tests are necessary for future reference 
in cases of apparatus failure, and for determining the trend in quality. 

Inspection. Whereas testing is done to establish performance, in- 
spection is for the purpose of seeing that what has been done comes 
up to a pi^et standard. In every step in manufacture and construc- 
tion, insfmction insures a satisfactory basis for further procedure. 
Hence, inspection occurs at periodic intervals and with sufficient fre- 
quency so that the r^ults of an additional step can be fully checked. 
Systems of insf^ction used in production usually involve the following: 

Inspection of raw, semi-finished, and finished materials used in pro- 
duction, to me that they meet a preset quality standard. 

Inspection of a product '‘ia work” involving inspection of component 
parts as they proem! in proc^ing. Such inspection may eliminate much 
naste by finding errois or poorly performed jobs while they are still 
correctable, and before too great a value has been added to them. 

Inspection of the finished product to make certain that it meets a 
preset standard of form or performance in every detail. 

Inspection should be divorced as much as possible from production, so 
that it wil be unbia^ and sufficiently critical to maintain a high degree 
erf qiiafity. 

inspectiem of machining operations and other 'fin work" inspections 
should fwint out inefficiency in proofing, and show the way to cost 
i^uctioas by wirwtion. Inspection should place responsibility for de- 
late, laws, and errors where it rightly belongs. 

Insi^ion, Just as testing, must follow standard procedure and limits. 
A l»laiice miBt 1» found in all tolerances and limits, between cost of 
nmintahMig such limits and product quality. Too often, the inspection 
defmrtment is the soura of hi^er costs by unreasonably exacting demands 
ca* tas much lenkney. 

Ii^l»ctica is costly, for it usually requires the attention of individuals. 
The frw|iieiiey and extoit of inspatimi must, therefore, be kept in ao- 
iKmic Wance with ti» value of toe roulte obtainai in the eliminatimi 

of lc»e8. 

Inspections must be raorded for future study and product controL 
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Providing Facilities for Power, Heat, Ventilation, Light, Water, 
and Janitor Service. The manufacturer is interested in providing 
such facilities as these at the least cost, and yet in sufficient volume 
and in a form which is economically most useful to production. Power 
may be purchased or generated in the plant, depending on the rela- 
tive costs and quantities required/^ and it must be made available 
whenever and wherever needed. Heat, ventilation, air purification, 
light, and water are requisites of production ; “ moreover, the man- 
ner and quantity in which each is supplied may greatly affect worker 
efficiencies, product quality, and physical characteristics of materials. 
Air conditioning is rapidly being adopted in manufacturing plants for 
its economic contribution to efficiency and quality in production. 

Before deciding on the supply of each of these facilities, production 
management spends a great deal of effort arriving at the most economi- 
cal source, quantity, and nature of each — studying them all in respect 
to their economic effects on product, process, and worker. 

J. Haetwick, “Plant Services in a New Plant,” Factory Management and Mainte-^ 
nance, September, 1938, p. 68. 

Disposal of Waste. In many plants, this is a minor problem owing 
to the type of processes involved. In others, it is a major economic 
consideration. Some steel mills with tremendous quantities of slag 
often must transport it long distances for disposition. Chemical plants 
often have corrosive waste products w^hich are costly to dispose of. We 
have witnessed many plants which have located on rivers where they 
have economically disposed of their waste products, only to find that 
legislation and public feeling against water pollution are rapidly mak- 
ing such disposal an impossibility. Lawsuits have proved costly to 
many manufacturers in waste-disjxml problems. 

References : “How to Compare Gonerated and Purchased Power Costs” 
Power, May, 1937, p. 251; “Power Bills are Lower Now,” James J. Wenner, Fac- 
tory Management ami Mmntemnce, February, 1939, p. 80; “Like to Cut Power 
Bills?” John F. Moore, Factory Mcmagement and Maintenance, January, 1939, 
p. m, 

25 Reference : ^T)oes Good Lighting Pay?” Part 2, Dean M. Warren, Mill and 
Factory, February, 1^, p. 74. 

Many indu^rial process require lar^ quantities of heat, water, light, and 
air for evaporation. Of increasing impoTtan<» in many proce^es, and also for 
commercial activities, is the elimination of dust and dirt. There is an increasing 
use of mechanical air filters in connection with all tjTpes of ventilating equipment. 
Re^^ntly electrical precipitation has been increasingly employed not only for 
industrial precedes to reduce hazards and recover material, but also to reduce 
in manufacturing plants and in the handlmg of merdhanefee. 
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Storing Finisted Materials. Materials and products, once finished, 
must be cared for and protected from loss and damage, and must be 
readily available when needed for delivery. Means for doing this eco- 
nomically must be maintained, and a close check must be kept of 
eveiything put in or taken from storage. Ordinarily, to save confusion 
and damage, as w^ell as to expedite delivery, it is found most economi- 
cal to pack finished products for shipment or delivery before storing 
them. They are then ready for release without further preliminaries. 
The mcmt economical manner in which this function can be performed 
defends, of cour^, on volume, type, and variety of products, length 
of storage pericKi, and other such factors. The aim is to establish a 
balance betw^n a sufficient stock to assure prompt delivery and a 
small enougji stock so that inv^ment tied up in it is not excessive. 
However, this is largely a problem of coordinating production and de- 
mand, and not one of storage. 

SMpptng. The final act of a production process, namely shipping, 
should be given the same d^ree of economic consideration as the initial 
act of i^lecting machine or materials. To maintain prompt and safe 
deliveries, only r^ponsible means of transportation should be consid- 
ered. Transportation costs, whether paid by the purchaser or manu- 
facturer, should be balanced with the degree of excellence of the service 
in d^iding on an economic method of shipping. Damages and delays 
brou^t about by inefficient shipping service cause inconveniences and 
often c<»tly delays to purchasers, which may be reflected in the loss 
of valuable future busing. 

Die product must be pack^ and otherwise made ready for ship- 
iiKiit m &at damages and lom^ are least likely. This is the duty 
of the shipper, and the added costs of proper packing and protection 
in transit usually are more than repaid by the customer's satisfaction 
in prompt and undamaged delivery of his order. Special or large ma- 
chinery may require ext^isive faciliti^ for shipment which are re- 
flected in the total emts of the apparatus.*^ 

Recovery of Waste. A study of wasted time, effort, and materials 
constitute one of the greatet opportunities for any enterprise to avoid 

The 20O“iii. tel^^pe lens for the Mount Palomar Observatory stood 
17 ft. 7 m. above the railimd track when ready for shipment, requiring that lOCK) 
be im cfaaanee between Coming, New Ycrk, and Pasadena, Cali- 

fcaBMk, la facfl, tl» were for a ^K>-in. disc of glass, which 

III l» reiiMd in. whm traffic experts warned that it would stand 

mkmei $ it, l^wr Ibta die avi«a|^ ra£lrc»d t^ge. 

IjBge n^^wiy are IwiiMing dwr own "dron-bottom” flat cars 

» to aa ortra or ao in lailriMid bric%e d^ran'C^ for huge tuiv 
lwi« mad lAiA diey IwiM. NateraHy, surii procedure is costly. 
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economic loss?® Eliminating loss in materials that are ordinarily 
scrapped offers a continual problem for production management. 
Not only does the material which is scrapped represent a loss in itself, 
usually including expenses of a direct and indirect nature already ap- 
plied to it, but additional expenses are involved in the disposal of ma- 
terials scrapped and accounting for this in records. The object of 
production management, therefore, is to study continually material 
items w^hich are cast aside from processes of production, use them else- 
where in productive processes in an existing or modified form, or else 
process them so that they will bring the highest price on the open 
market.®^ In certain industries w^here raw materials are processed to 
obtain a desired product, the disposal of by-products assumes a matter 
of major importance, involving a study of product modification and 
market developments. Many companies, through a study of by-prod- 
ucts, have arrived at the point where the by-product is no longer a 
loss but an item of profit, and therefore assumes a rank equal to the 
product initially selected for manufacture. 

In the manufacture of physical objects such as all classes of ma- 
chinery, equipment, and supplies, production management commonly 
takes these steps to eliminate waste in materials: 


®8This is an excellent example of “the little things” that ^ve in a process: 

In the early days of the Standard Oil Company, the late Mr. Rockefeller 
visited one of the refineries and stopped to watch the intricate machine that 
was soldering on the tops of the fiU^ oil cans. Fr^ntiy it deveIop«l that 
he was counting the dmps of solder used by the machine on each can: ^ 
drops exactly. Mr. Rockefeller inquired whether anybody had tested file ad- 
justment of the machine to make sure exactly how much solder was needed. 
No; nobody had. But then and there a test was made, from which it de- 
veloped that 37 droi^ were not quite enough, but that 38 droi^ would hold the 
can cover as securely as 39. That one drop of solder was worth, to the Stand- 
ard Oil Company, some $50,000 a year.— From “Tl^ Field of Management,” 
Viscount Leverhulme, Dun's RetmWj April, 1^, p. fi. 

^ One company ^ves $3500 monthly by reclaiining crating lumber from pack- 
ing crates of incoming materials. 

Another company, in dismantling an old power plant, reclaimed 150 tOM 
of TTtugnpsifl. covering taken from hot-water and steam pipes. Since much of 
the covering came off in broken pieces unfit for use, the material had to be 
process by shredding, mixing with water, and molding into blocks, aftep which 
the blocks could be used as insulation for boiler drums, hot air ducts, and so on. 
C<^ of reclamation was about one-third the cost of new material of equal in- 
sulating value. Reference: *T)etroit Ekiison IMivages 150 Tons of Insulation,” 
E. T. Coj^, Power, January, 1^, p. 18. 

Waste paper is commonly sold to recover some of this lo^. One company, 
however, goes further and segregates its waste pmper into grades, instead of baling 
it all to^tha:. Biiu^ as much as $10 difference in price may exist per ton betwemi 
commcm grades of waste paper, gimter returns are thus made. 
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It ^tablishes aa iiidi\idiial or small group to study the salvaging of 

materials otherm*is€ wasted. 

It promote, with every emplo 5 ’ee, the desirability of eliminating ail 
forms of often establishing cont^ts and rew^ards for suggestions. 


RjEFStENCTS 

W. H. 'I^*WPKm, Waste Doilaos,” Factory Management and Mainie^ 

'nam€:f September, p. 64. 

J. Mamvkji, “Our Scrap Pile is a Profits Pile,” Mdl and Factory, August, 1938, 
p- &L 


CONTROL OP PRODUCTION 

Attention hM been given to the economic aspects of each produc- 
tion activity, and we are impressed with the variety of functions in- 
volve. How are all these functions coordinated w^hen an order comes 
in? This can b^t be showm by actually following an order given to 
a typical large equipment manufacturer. We shall outline, in sequence, 
the progre^ of the order after it has been received and approved by 
the headquarters sales and credit organizations: 

1. From sate, the order go^ to the engineering department, where it 
k aligned to an engineer, who ^regates it into new apparatus requiring 
development work, and standardized apparatus. Drawings are made and 
laanufacturing information necessary for the shop is determined for the 
non-standard apparatus; for standardized apparatus, the engineer marks 
the order with the style or order number by which the apparatus can be 
Oflficted from stock or production. 

2. An order next goes to a clerical engineer, who indicates on it the 

nmnufactuiing information and drawings, as well as a complete 
hi! of materials and list of proc^^. 

3. The onier, containing this information and accompanied by all 
drawing, gc« to the hyovt and rotding department. Here each partici- 
|»tiiig manufacturing ^tion is indicated, a complete routing of materials 
fRMi tl» first to final operation is drawn up, and drawings needed are 
rat to the raticms where they will be used. 

4. The order, manufacturing information and routing go next to the 
pr^w^wm department where completion date are assigned each manu- 
facttirii^ defartment or ration involved in the proce^ing of the appa- 
rate, dates lepi^^nting the time each section must finish its job 
and ship the apparatus on to the next proofing section. The production 
department also prepares material requisitions and toolrcKim orders which 
arc sent to storerooms and toolrooms so that tools and materials will be 
ready frhen work is ready to begin. The order is marked upon a ^hched- 
ule k»rd"' on which its pn^rc^ is carefully followed. 
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5. The order now go^ to the $hop where it is assigned to a production 
clerk w*ho most see that component parts of the order flow into the as- 
sembly section from ^Teeder sections” as scheduled. When everj’ piece of 
materia! is received in the assembly section, final assembly is made, after 
which the order is t^ted, given final inspection, and shipped. 

As w’ork progress^, records are sent to the cost department, indicat- 
ing costs of materials used and direct labor costs. The cost depart- 
ment adds to these the burden of overhead which the order must bear, 
thus arriving at the total cost of the order. 

Charte are kept of work being done in every division and section, 
and on each machine, as well as charts on which the order is follow^ed 
in its progress toward the promised date of delivery. Floor space in 
the large manufacturing aisles and work in sections doing heavy ma- 
chining are scheduled months in advance. The production clerk, like- 
wise, can tell at a glance from his records and charts how any one of 
his orders is progressing. Such checking systems are expensive, to be 
sure, but they have an economic return, since delivery dates are ac- 
curately predictable, and the '‘load^’ on the plant is kept within con- 
trol and can be manipulated advantageously to reduce costs. 

The responsibility for coordinating all functions may rest with a 
“production control” department set up to coordinate machines, mate- 
rials, methods, and men; or, again, in other companies, coordination 
r^ts with the departments involved. 

That production coordination or control is necessary for economic 
procedure can scarcely be overemphasized. Any attempt to perform 
ail the functions necessary to production without a coordinating plan 
would send costs soaring as congestion, confusion, waste, and unpre- 
dictable deliveries began to exert their influences. 

B. E. Funchbatjgh, 'T'wo-Board Coutrol Helps Small Plant Keep Fromife^,” 
Factory Management and Maintenance, February, 1939, p. 60, 

Gmmm T. Tbtjnblk, Je., *^What is Production Control?” Factory Mcmagement 
amd Mamtemmce, June, 1938, p. 49- 

ECOIfOMIC LOT SIZE 

Production management often faces a situation such as the follow- 
ing. A certain quantity of a product is needed each year, on the basis 
of a knowledge of customer r^uiioiMnts. The product is made by a 
machine ttiat produces rapidly in quantity. “Setting up” the machine 
(or making special adjustments of machine and preparing tools) in- 
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volves a rather high fixed preparatory cost, after which any ° J 

a oarticular product can be produced in one lot without additional 
set-up expense. Each time a lot is finished, however, and production 
r4id,^c machine is put to other uses, so that it must be set up 
m&S to resume production of the particular product mentioned. 

^ It remains for production management to determme what size of 
lot is most economical in producing a year’s supply of this Product. 
Should a whole year’s requirements be made at one setting, or should 
siilSr lota be made at intervals? This qu^tion is answered 
hv balancine the savings in preparatory costs possible through large 
Ms^th tht increased costs of storage, insurance and taxes on large 
invraitories rraulting from such large lot sizes, plus a retim on the 
60^0^" tovestmen? in such inventories. The lot size selected should 
be such that, considering a year’s supply of product, the total annual 
preparatory or set-up costs plus annual costs of carrymg the mventory 

ircmbe^^that the problem of the most economical lot size is 
a vital one to production management on producte manufactured m 
Quantities and for stock. Formulas have been devised for calculatmg 
ST^onuc lot size, but most of them are exc^dingly complex. 
W E Camp’s formula is probably the simplest, and is ^ven here ^ 
an’ example of the factors considered in detenmnmg lot size. Camp s 

formula 


Q 


= 

\ / 


^ere S = set-up cost in dollars; B = rate of consumption per year 
in piec^; I = inters rate on investment in stock and storage costs, 
multipUed by cost per piece in dollars (labor, matemls pro^r 
jMrqwrtion of operating expenses) ; and Q = the quantity of the most 

i^OTmble idl 
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PROBLEMS OF THE SUPPLIER— PRODUCTION (coEtiaued) 

MANAGEMENT AND LABOR IN PRODUCTION 

In a consideration of production, we find that it takes place through 
the joint effort of human services and materials. Human services in- 
clude labor and management, and materials include capital and the 
physical location required for pursuing production process^. All four 
of these forces are necessary. 

When we consider labor and management, we may become con- 
fused, for in modem production, between the individual who does 
nothing but direct others in their operations and the individual whc^e 
entire efforts are directed by others, we find a vast number of work- 
ers whose performance consists both of following directions laid down, 
and also directing others. The difference l^tween labor and manage- 
ment is, therefore, a functional difference. This functional difference 
relates both to the exercising of auUiority and the definition of duti^ 
to be performed. 

Labor, in its broadest sense, applies not only to physical but also 
to mental activities. It reprints a form of service which, in our age 
of specialization, receives its comi^nsation in the form of wages and 
salari^. In the discu^ion of production, we will consider labor as 
reprinting the wage earner who forms a part of the production proc- 
It include human effort from tiie viewpoint of performance along 
lin^ of effort ^tablished by mmi^ment. Its r^ponsibiliti^ relate 
to reliability, spe«i, and accuracy. 

The responsibility of the functions of management in production 
relates to the establishing of tasks, based upon economic decisions of 
w^hat to do, and the direction and supervision of those hired to perform 
such tasks. From a practical viewpoint, after a production layout has 
been established, we look on pitniuction management as being responsi- 
ble for the overall volume, quality, costs of the product made, operat- 
ing condition of plant and equipment, and relationships between em- 
ployee and employer. R^>onsibility lie in the field of directing 
and maintaining efficient performance. Effective production manage- 

m 
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meiit keeps things going smoothly and efficiently, and also is constantly 
alert to improvement in output and the saving of cost. 

The production responsibility of management is exercised both in 
the direction of utilizing and maintaining the productive equipment 
which is at work vithin the walls of the plant, and also in the main- 
tenance of the plant building itself and in the services which it fur- 
nishes to individuals and machines that occupy it, in regard to physi- 
cal prot^tion, heat, light, and power. 


MEN AND MACHINES 

In discu^ing the use of machinery for purposes of production, we 
have observed that economic production requires the selection of the 
proper machine to do the work and the establishing of the proper rela- 
tionships between one machine and another to accomplish efficient pro- 
duction. 

Since production tak^ place through the joint effort of men and 
machines, it is equally important in accomplishing efficient production 
to ^lect the proper individual for the work, arrange that his efforts are 
efficiently directed and timed, and that the proper relationship exists 
between one individual and another. Because each individual repre- 
sents a human being, whereas each machine represents only a piece of 
property, at all times the safety and well-being of the individual must 
teke precedence over thc^e of the machine. 

Society has been h^itant in analyzing human effort in the same 
way and to the same extent as machine effort, because in doing so it 

been felt that the individual was being reduced to the level of the 
machine, and that the sole purpose was to get more work out of him 
for ttie 'mmm or Im pay. This stigma associated with analyzing human 
effort with exactor, and thus ^tablishing standards of performance, 
h being removed, however, since analyzing the efforts of the 

individual, no matter what his calling or what the nature of his work, 
is looming more clearly rm>gnized as of value to the individual him- 
»lf in increasing his happine^ and earning power. 

Frederick W. Taylor was the pioneer in a study of appl3ring seien- 
tiie principles to human effort in manufacture, and his paper '^Shop 
Management," printed before ihe American Society of Mechanical 
Engineers in 1^, started a new era in industrial management, ^tab- 
lishing the principle involved in the proper selection of individuals for 
the purpore intended, their training, and a means of applying and 
measuring human effort wiHi exactness and precision. The Taylor 
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Society was subsequently formed, which has amplified and interpreted 
these original principles, for the benefit of industry.^ 

PRODUCTION MANAGEMENT 

Although the general management of an enterprise establishes the 
general policies of the company, which go^^em its entire operations, 
productim management is directly responsible for all phases of pro- 
duction, and the actual condition of the product, its cost, and the time 
and rate of delivery. On production management, therefore, falls a 
substantial share of the responsibility for the success of the enterprise. 
Production managements responsibilities relate to: 

The manufacturing plant, including the selection, installation, and 
maintenance of all equipment forming a part of plant or process^. 

The employees engaged in all classes of production, including their 
selection, training, supervision, and welfare. 

The establishment of all poiici^ and plans dealing with productive 
systems. 

The quality and cost, as well as promptness in delivery, of product, so 
far as factors within the control of production man^ement are concerned. 


1 The ^^Statement of Principles” as set forth by the Taylor Society in 1929, is : 

1. *^Mcmagement Research. Research, investi^tion, and experiments (with 
their proc^s^ of analysis, measurement, comparison, etc.) constitute the only 
TOund basis for the solution of managerial problems; for determinations of 
purpose, policy, program, project, product, material, machine, tool, tyi^ 
of ability or skill, method and other factors, and the coordination of thei^ in 
purposeful effort.” 

2. ^^Managermni Standards. To make them useful to an enterprise, the 
results of re^arch, investigation and experiment must be made available to 
the cooi^rating group in the form of defined and publi^ed standaixis which 
^rve as common goals, facilities and methods, and which replace chance and 
Taiiable factors by conkants in terms of which may be made calculations and 
plans which may be expected to come tnie.” 

3. Management Control. There must be established a systematic pro- 
cedure, ba»d on the defined standards, for the execution of work; a procedure 
which directs the research^ establishes and maintains the standards, imtiates 
0 |»raticms, and controls work in proce^; which facilitates each specialized 
effort and coordinates all specialized efforts, to the end that the common 
dbjective may be achieved with a minimum of waste of human and material 
energies, and with a maximum of human welfare and contentment.” 

4. “Cooperation. Durably effective management requires recognition of 
the natural laws of cooperation: involving the integration of individual m- 
terests and desires with group inter^ts and desire and of individual capacities 
with the requirements of group purposes; the substitution of the laws of 
situations for individual authority, guess and whim; and the recognition and 
capitalization of human differences, motive, desires, and capacities in the 
promotion of a common purpc^.” — ^Prom “Scientific Management in American 
Industry,” by the Taylor Society, H. S. Persons, editor, Harper and Brothers, 
New York, 1929, p. 10. 
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One can often, in inspecting a plant, get some definite idea as to 
the ability of the production management, for the cnnditmn of the 
Snt and equipment reflects the management, just as the condition of 
Sse reflects the housekeeper. It is remarkable wha capable man- 
agement, just like a thrifty housekeeper, can do with a limited expense 

""“tfconsidering employees, capable management has the following' 

f uBctions : 

Tt elects and aMgBS the right maa for the job. ^ 

ft him ZZt possible working conditions for performing the 

It suppliffl him with suitable tools and machmery. 

It Ses him how to use tools and machines m the most efficient 
TLaids him for quality and quantity of work done. 

Again, employees reflect management in their skill, energy, and 
enterS. sinL ihe spirit capable of management is passed down the 
line to others. Production management must, of ^ 

and in close touch not only with current events m the field of labor, 
but also with what other manufacturing companies are doing to ma 
workers more efficient and prosperous. Especially is 
capable production management to understand and ma^'^ain close and 
sympathetic contact with employees, discovering the difficulty and 
^lenffl they enaiunter, encouraging them and agisting m their 
^S^ent aid progress. The stem and threatenmg boss no longer 

hm a place in indnstaTr. . 

In the establishing of productive systems and carrying out plam 

for production, man^ment is continually seetoig ^ I 

experimenting with new methods, discarding those which do not work 
«Sfflieee®ful}y and putting into effect newly discovered, more suyy- 
fuJ methods-^ in order that the quality of the product may be m- 

raeased and its cost reduced. i,- i, 

Besides the responsibilities of production management which have 
been enumerated, it is of vital importance, both to the succ^ of m 
enterprise and also to efficient production, that i^agement coo^- 
nates the efforts of production with the other activities of the enter- 
prise, particularly product demgn activities, pur^^mg f 
the activities of any oentxal or^maathm established to treat with 

employee rdatioerfi^ 
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LABOR TURNOVER 

Labor turnover causes an economic loss ^ that no enterprise can 
entirely avoid, since, if for no other reason, some employees are con- 
stantly withdrawing on account of incapacity or death. The causes 
for labor turnover/ however, are due often to lack of work, or to dis- 
satisfaction for one reason or another on the part of the individual or 
employer. Earlier in this book, we pointed out that the skilled me- 
chanic has been largely displaced in industry by the machine operator. 
Since the skilled mechanic included in his w^ork a large number of 
operations, and his usefulness to an employer related to his ability to 
perform duties peculiar to a given plant, there was considerable resis- 
tance to his moving from plant to plant. Today, however, since ma- 
chines are standardized, as well as their operation, the machine opera- 
tor can find employment in a variety of plante which employ machines 
on which the operator is skilled. Hence, operators may move from 
plant to plant, and are inclined to do so, unless some means are 
adopted to tie the individual more closely to one company. 

SELECTING AND ASSIGNING THE RIGHT INDIVIDUAL FDR THE 

JOB 

From an economic viewpoint, the importance of the type of per- 
sonnel of an enterprise cannot be overemphasized, because from hu^ 
man ability all else originate and is directed. The nature of the 
employee, in his various stations of r^ponsibility, determine the na- 
ture of the enterprise, since it is employees who select other employees 
and supervise them, select and maintain all physical facilities and 
aiuipment, and ^tablidi metiiods and tempo of procedure. No better 


* II k ^rtinaated that one mill spends $2870 per vear teining employees wno 
lemain In the company only a dhort time. * 

Reference : “Labor Turnover Can Be Reduced by Proper Foreman Training/ 
TexiSe WorM, February, 1939, p. 40. 

^ As an average, during each month ci 1937 the labor turnover for every liC 
anploye^ in repr^ntabve factcuies <d 144 industries, was as folbws: 

1.25 employees quit. 

OJ20 employee was discharged. 

2.^ employees were laid off (including temporary, intermediate, and per- 
manent layoffs). 

Thk is an average monthly separation of 4.43 employees out of each 109 
employed, while the acce^on rate (which includes hiring of new employees or 
rehiring old ones, but not transfers betwem plants of the same company) was 
3A5 employees.— Data from MontMy Labor Review, January, 1^9, p. 1^. 
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investment can be made by management than in efiGicient man power. 
Enterprises grow and prosper by: 

The prof«r selection of individuals. 

Assigning the individual to the cte of work for which he is best suited. 
Training, supervising, and encouraging the individual so that he will 

develop. 

The selection of suitable machines and the assignment of their part 
in a productive program are comparatively simple, compared with the 
selection and assignment of individuals, because, since human beings 
are so complex, the capabilities and possibilities of an individual can- 
not be evaluated by a physical appraisal like those of a machine. We 
have established fairly accurately the characteristics an individual 
should pc^ess for various classes of tasks, but determining from an 
interview the likelihood of the individuaFs being able to meet these 
^tablished requirements is a much more diflScult matter. Skill, based 
upon training and experience, appears essential in selecting men, and 
eertein i^rsons appear to po^ess a certain intuition which suits them 
for this work. The selection, obviously, must be based upon a knowl- 
edge of the exact requirements of the job, and a knowledge of the indi- 
vidual being considered. To a degree, at least, the selection of work- 
ers has been reduced to a science, based upon an interview, a record of 
the characteristics of the individual and his experience, and, by some 
employers, a series of simple f^ychological tests.^ The selection of in- 
dividuals is, however, not an exact science by any means, and all that 
can be done is to reduce error as much as possible. 

* Bewewni jeais ago, early in the summer, a friend of the author who is pro- 
of K»io!c^ in an Eastern collie applied for work at the employment 
deiM^eut of a kt^ manufacturing plant. His intention was to assume the 
l^ipition of an untrained workman endeavoring to obtain employment, land 
m during the wmmar live the Efe of a factory hand. His purpose was to 

«i»erre the methods of selwtion, training, and supervision practiced by thk 
Biaaiifactiiw; mad ^in experience from living for a few months the life of the 
fackiay wiwtaaiai. 

Hie wmplwmssl deimrtmmt of thk comi^ny examined him carefully as to 
mmI He was hired and aligned to a department engaged 

In cafe, and pvei the as^rance that, on the basis of the exam- 

in^k» nmilc, &ere wm a future for him with the pcmbility of some day 
into a shop foseMw. His kkntity was known only to the director 
rf pewaael of tlw comimiy and the author. When he left the compajiy, he 
Hiadte a favoiabte repwt to this i»rsonneI director on the methods employed by 
Ifa mm^mj m appliwnte and employees, and su^^ted improvemmts 

m mmor vatol^ natuie. 

Refewiiw: “The TedWkiiie of T^ing,® Charl« A. Drake and Holger D. 
Otei, Fmi 0 rv mi March, 1^, p. 71. A discumon 

aptitiKk tttii in 
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Every time an mdivldnal is employed for an existing job, and then 
proves nnsuccessM so that he either must be released or tried in an- 
other place, an economic loss occurs both to the employer and the 
employee. 

Eugeni CALowEii, "Personnel Records of Today/’ Factory Management and 
Mamt€mnc€f ..September, 1938, p. 53. 


THE TRAINING OP THE INDIVIDUAL 

It is to the economic interest of the employer, and the employee, 
as well, that the employee become more productive. This comes only 
through a direction of the individuaTs efforts and through experience 
in performance. The old method of training men by placing them as 
helpers to experienced workers has largely been abandoned because, 
usually, the experienced worker was not a capable, and sometimes not 
a willing, teacher, and he was naturally inclined to pass off onto the 
helper minor responsibilities that made his own work easier. Hence, 
most enterprises have established courses of training and have set 
aside either departments or a group of instructor, or both, so that 
employees are trained in a systematic way. 

Most companies favor training their employees in this way rather 
than depending on an outside source as a supply of trained talent, for 
men so trained become familiar with the company's process, prod- 
ucts, and policies. 


Waenee SeH/Y, “The C<^ of Apprentic^hip,” Mechanical Engineering, Decem- 
ber, 19^, p. 901. 


SAFETY FOR THE WORKER 

The economic loss, due to accidents and disease, both to the worker 
and to the enterprise has, for many years, attracted the attention of 
the public and of management. Such a situation has led to action on 
the part of various organized groups within industry itself and on the 
part of legislative bodies, and has become articulate in the following 
ways: 

Laws applying to all cla^^ of industrial activities, calculated to 
prevent accidents and promote health. 

I^ws directed to compensating workers for 1<^^ which occur as the 
r^ult of accidents while working. 
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Tlie adoption of standards and nil^ of safety, relating to equipment,® 
macliin®, operations, and process^. 

Propaganda directed to make workers conscious of the dangers of 
carele^n^, and the value of following rales for safety.® 

Today, many enterprises employ engineers who give their entire 
time to matters relating to safety, and the rules applying to all classes 
of industrial workera are becoming more closely defined and rigidly 
enforced^ 

TIME AND MOTION STUDY 

It was F. W. Taylor who first brought out the need for time and 
motion study by showing that the motions of workmen in days past 
had no scientific basis and were often quite inefficient. 

Time study * is the study of a particular operation in production, 
in an effort to find the exact representative time required to do each 
minuie detail of the operation, both manual and mental. Once a rep- 
ri^ntative and accurate timing of an operation has been made, the 
infoimation may serve three distinct purposes: 

It can be xmd as a base for almost any wage incentive system, by 
the ®M>&hment of a ‘'standard time” for completing any piece of work. 
We diall this in use in the discussion of wage systems. 

It in production control, such as the scheduling of work through 
tile fiant, and in the estimation of delivery dates, and has a definite 
in *‘^)st” calcuIaficH^. 

®Oiie krge comimny spent $25^000 in two years to reduce eye injuries and 
saved SIia^DO in r^uced payments in compensation and the like. Referen(^: 
^Iso One Enters This Pknt without Goggles ” Harry Guilbert, Factory 
Miml emi Mmdmfmmf March, 1938, p. 83. 

•PrdbihbF om of the first and most successful drives for safety was cm the 
of tiiis ©cwntiy. “&dety First” has been instified in the minds of every 
irator, widi esccMdragty gratifying resralta 

“^ety is a ‘Mui^* for Ford Electricians,” Factory Management 
md JfoiwfeiKmcC; Octcte-, 1937, p. 104. In this article it is pointed out that 
im mdekj rate mmns automatic dismissal. 

Other refePEUces: ^^ety Pn^ram Proves Profitable,” Otto R. Schuman, 
MM Fmdmry^ S^stoadier, 1938, p. 71 ; “Newport Industries’ Safety Foley,’* 
B. F. ®w£«, MM md Factory, Ajt^usfe, 1^, p. 48; “Safety’s Silver Anniversary,” 
P^mr dtPaper Wmdd, Novmnber, 1938;, p. 85fi. 

® A g€K>d d^nitiem erf ike trarm “time study” is the following: “To subject 
erf a giv« piece of work to a dose amlym, in order that every 
uimec^Mjy operation may be eliminated and in order to determine the quick^ 
and method of performing ^ch nec^^ry operation; also to standardize 
ami conditiems; thai, ami not until thei, to deters 

!Biiw& awMBawBoat tiie number <rf standard hours in which an 

average wmm «a do tiie icl>.”---Fr(Hn “Time and Motiem Study,” by Lowiy, 
and Book Inc., New Y<^ p. 6w 




TIME AND MOTION STUDY ^ 

By studjdag tlie various motions involved and the time required to 
complete a certain piece of work, the b«t method for doing that job 
may be determined. 

Making time studies requires accuracy and extremely close obser- 
vation on the part of the person making them. With the aid of a stop- 
watch, each motion or element® of the entire operation observed is 
carefully timed and recorded to within 0.01 minute. If the elements 
are extremely small in time, many studies are taken to reduce error to 
a minimum in the final calculation. Once the data are secured, the 
operation is thoroughly analyzed, revealing the amount of time that 
should be allotted to the machine and the time taken by the operator. 
An average or repr^entative time is set up as a standard for perform- 
ing the operation, upon which wages, costs, and production ^imates 
can be based. Ordinarily, in setting standard times, a percentage of 
ol»erved time is allowed for delays and other personal needs of the 
operator, such as rest. Also, the oteerved time may have to be cor- 
rected for the efficiency of the operator observed. Were this not done, 
except where representative studies are made with several different 
operators on one operation in order to strike an average, the standard 
time set would be too high if the ot^rved worker were above average 
efficiency; too low, if he were subnormally efficient. 

Motion study is related to time study but refers more to the se- 
quence and basic motions in each operation a worker performs. Fre- 
quently, motion study is carried out by taking motion pictures of 
workers performing their operations. Eilher by including a rapidly 
moving clock in the picture or counting frames of film when constant- 
speed cameras are used, each element of an operation can be oteerved 
from the film, and the time it require can be carefully determined to 
an accuracy of 0.01 or even 0.001 sewnd. The motions of the worker 
are thus ol^erved and divided up into those recognized as standard by 
HM)tion-study experts.^ Less desirable motions can be deiermined, 
and their caus^ ascertained. Th^ may be due to faulty layout of 
work, generally poor working conditions, or the nature of the work 


® Aa eteaent is a molicn Miat mnnot be hrolDEa down into any ampte 
motions. 

i®TTie data (» one ccnnpaaMve fime stedy are aimwii. in Qmpter XVIII, 
Economic Study XVn. 

Sometimes termed "Micro-motion” study. 

^^The motiom have been cataic^ed and listed in the order of their dear- 
ability by varimis authorities. The most demrable motions are those involving 
Httle ^ort— motions of the fingers, or of the fingers and wri^ The least 
dedrable motions involve much effort, wid require a change in posture. 
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itself. Whatever the causes are, the probability is that some of these 
uad^irable motions can be eliminated or rectified, or perhaps their 
secinence changed advantageously. 

An analysis of this sort is of value in several different ways: 

It is an aid in correcting faulty working conditions. 

It is of value in cutting down wasted or inefficient motions. 

It pci®ible a standard set of motions for performing a task. 

It allows for the setting up of an extremely accurate standard time. 
Since it makes po^ible a standard set of motions for a task, this in 
turn permits the training of employees to be more easily and quickly ac- 
comp&hed. 

It is the only method for the accurate study of extremely short and 
rapid movements, and the analysis of these into basic elements. 

Our discussion here of time and motion study has been limited 
primarily to the economic aspects of such functions. It is not difficult 
to see that the inception of such studies has greatly benefited produc- 
tive management in reducing costs and increasing productivity of the 
workers. One of the more difficult things management has to do is to 
inform employees properly on the subject of "why these studies are 
needed.^® Many employees see but one object in time and motion 
gliidies — ^more work from the worker with less pay. Actually, these 
studies may benefit the employee as much as management, 

Refesences 

Muim, Js., ‘'Labor^s Attitude Toward Time and Motion Study,” Me- 
c^usiuccd Engtueettng, April, 193S, p. ^9. 

H. S. Khowutok, “Bins Make the Workplace,” Factory Management and Mcdnte- 
mmmj April, 1^, p. 58. 

Rjulth M. Bai 2 «s, **Motion Study R^arch ” Factory Management and Mmw- 
Janiuyy, p. 51. 

B. C. Koch and P. A, Ro^w, ^'Motion Economy for Ail,” Factory Managemmt 
mi Mmnimame, June, 1^, p. 56. 

WAGE PAYMENT SYSTEMS 

II hM pointel out Hiat production management is responsible 
for selecting and training employee, providing them with good work- 
ing conditions and tools, and rewarding them for quality and quantity 
of work done. We are here interested in the latter function, which is 

In one in^ance, a bit of the seriousne^ was taken out of time study and 
a tetter awtersiaiidiaf md ac«ptence of it by the workers were achieved by 
making a time study' of an employee taking his daily bath. Every element was 
tiijied, tad tte mmmmd time found to be 21.40 minutes. 
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accomplished through a wisely selected system of wage payments* 
Nevertheless, it should be emphasized that, no matter how excellent the 
wage payment adopted is, it cannot function efficiently unless these 
other functions are wisely carried out. 

Wages and salaries are of importance to almost every individual, 
since we are living in an era when the majority of us must earn our 
living by working for others. The reward we get for our mental and 
manual functions at a particular job constitutes our salary or w^age.^^ 
In definition, salaries and wages refer to separate classes of employees. 
That is: 

Salary ordinarily is fixed in amount as so much per year, month, or 
week, irr^pective of daily fluctuations in the output of the worker. 
Usually salari^ are paid to employees not directly engaged in prcxiuctlon. 

Wages are ordinarily not fixed, but reprint payment to workers 
directly engaged in production activiti^, expressed usually in terms of 
amount of work produced or hours spent on the job. 

We are here primarily interested in wage payment systems since 
we are dealing with direct labor in production, as well as office workers 
and other indirect labor in the factory. 

Management is confronted with two main objectives in dealing with 
wages of labor, which may, at first thought, seem quite impossible to 
secure simultaneously. (1) Labor should be paid in a manner con- 
ducive to lower production costs, and (2) , it should be paid with an 
eye to constantly increasing living standards of the worker. This is 
not so difficult to do, however, when we analyze action and reaction. 
When workers are paid well, a higher standard of living is obvious. 
Also, well-paid workers, on the average, work at greater efficiency and 
with much more enthusiasm and interest, thus increasing production 
mim and reducing both the fixed cx^ts per unit and the wag^ paid 
per piece — ^r^ulting in lower production costs. 


Although we are concerned here with wages in any one specific enterpriw 
as related to efficiency of the worker and the general economic good of the com- 
pany, we should point out the variation and limitations of wages in general. This 
is well put in the following quotation : 

Wngm vary as to time, place, industry, sex, general price conditions, and 
other circumstance. Broadly speaking, wage will not be greater than the 
value added to the product by employee, nor less than the amount needed to 
sustain workers at the level of subsistence recognized by their group in 
modem society. Between these inexact limits, wage are determined by the 
force of supply and demand. Among the factors involved in the interaction 
of supply and demand are ^ucation, trade unionism, immigiation and emigra- 
tion, social customs, legislation and ihe state of businee activity. — ^''Economics 
for Engineers,” E. L. Bowers and R. H. Rowntree, McGraw-Hill Book Com- 
imny, fiic.. New York, 1^1, p. 274. 
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Wage systems can be roughly divided into two main classifications: 

L The ''day work” or "day rate” methcxi. 

2. Incentive plans. 

Reeebencb 


ben We Get Where We Are Going,” an interview of Henet Fobd by ARrmra 
Va^ Vussingen, Factory Management and Maintenance, Deceni^r 19^, 
p. k. In this article the point is brought out that we will eventaaUy dcuMe 
present wages (1938) by producing better goods at lower costs which will 
permit them to be sold to twice as many buyers at lower pnces. 


THE “DAY WORK” METHOD 

The “day work” system of w^e payment is the simplrat since it 
involves only finding how long a man works and paying him accord- 
ingly, irrespective of variations in daily output. Such a system is 
economically sound where it is costly to detemune a man s output 
accurately, as storekeepers, clerical help, repair men, and others with 
a great variety of tasks each day. Or, again, a man’s output may 
be relatively easy to compute but his rate of production may depend 
on conditions beyond his control,^* making the day rate system the 

only fair one to him. ^ ar 

“Day work” Ians are disadvantageous m that they offer no 

acknowledged incentive to better and quicker work, and often workers 
are inclined to develop a system of “appearing busy” while actually 
getting little done. 

IHCENTIYE PLANS 

It is a trait of human nature to desire reward for accomplishment, 
and to increase effort when greater rewani is assured. The modem 
incentive plan of wage payment follows this principle, thus mcreasmg 
productive output and benefiting workers and employers alike. 

Any incentive wage plan should be : 

1. Just to bofii employee and employer and ultimately contribute to 
bmefit of both. Reward should be positive and material, not native nor 
litv pwmitive- Operation should promote ccmfidence. 


« WoAks ia aatomdbik plants eeveral years ago objected strenuously to tte 
liece-iate” Systran under which they were waking, since they were paid 

aasmably lines wem stopped as a result erf oonditaons beyond then 
wBBtnrf, mdi as kok of wateial or madane faitarfc So ^ 

that — iWiW, in ftumeas to woafcera, to pay the woAers on a day 


fwmi “Cost and Productiaa Handbook," The Ronald Press Com- 
puiy. Hew laA. 1934. n. 5GS 
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2. HigL in task and reward. Latter should, as one writer aptly pnte 
it, “reflect an employee's contribution to Ms company’s succe®/’ Gen- 
erous reward encourages effort to meet high standards. 

3. Sound enough in measurement to guarantee against rate change 
untE operation method is changed. That is, earned reward will he paid. 

4. Eeasonably simple for employees to figure or understand in relation 
to individual or group performance, practical in shop prcKjedure. Rraults 
should be avaflable over as short a period as the accuracy of rates will 
permit. 

5. Adapted to augment and be capable of u^ with other management 
controls. 

6. An aid to teamwork and automatically a^ist supervision in a prac- 
tical manner. 

Summarizing, any incentive wage plan should be based on a fair 
determination of the time and effort to do a particular job, and ttie 
amount of pay to be given the worker for doing it. 

Our discussion will include only the following more important in- 
centive plans, since the objective of this discussion is to illustrate 
typical systems of wage payment by which economic resulte in pro- 
duction may be obtained: 

Piece-rate system. 

Halsey premium plan. 

Taylor differential piece-rate system. 

Gantt task and bonus S 3 ?stem. 

Rowan premium plan. 

Piece-Rate System. The most simple of incentive plans, if it may 
so be termed, is the piece-rate system in which the worker receive a 
fixed amount for each unit he produces. This system is in disfavor 
since it azures the worker no guaranteed minimum wage, thim re- 
ducing his feeling of security. Determinafion of what the standard 
rate of pay per piece shall be is difficult and is naturally cont^ted 
when, for any re^n, a worker^s production falls to where he is making 
insuflicient wag^ for sul^istenoe. Production line “tie-ups^’ due to 
lack of materials or breakdown are quite beyond the control of work- 
ers, and yet, by tiie piece-rate sjnstem, it is they who suffer the loss. 
Likewise, workers poorly suited to a task are unable to earn a living 
wage in competition wife more adept fellow workers. Certainly, with 

For more comprehensive discii^ons of the many wage payment systems, 
the student is directed to such books as ^Principles of Industrial Organization/’ 
Dexter W. KimbaU, McGraw-Hill Book Co., Inc., New York, 1933, and «Cost 
and Production Handbook/* The Ronald Pr^ Company, New York, 1^4. 
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dissatisfactioa and discontent so preTalent, this plan is of little help 
to more efficient production. 

The Halsey Premium Plan. This system is the pioneer of wage 
incentive plans ^ having appeared before scientific study of the amount 
of work a man could do was even proposed. It was originally based 
on estimated standards of time for doing a task. 

This plan pays a worker hourly wages for actual time worked, and 
giv^ him a share of any savings he effects by doing his task in less 
time than the adopted standard. Not all the savings go to the worker, 
however, since it is reasoned that management makes possible the con- 
ditions by which the worker is able to produce in less than standard 
time, and hence should also come in for a share of the savings. Ordi- 
narily, the worker gets one-third or one-half of the savings he effects, 
leaving two-thirds or one-half, respectively, as management's share. 
The simple formula to compute a worker^s earnings is as follows, 
affluming that he gets one-third of all savings: 

where E = earnings; B = hourly rate; Ha, = actual hours in which 
task is completed ; = hours set as standard time required to do 

the job. 

Under the Halsey system, the proportionate return for added ef- 
fort will not so high as by piece rate, but the worker is not penalized 
diould he fail to produce in standard time. Since this system is not 
only an incentive to greater efficiency, but a plan in which workers feel 
wmm s^ure and management shares greatly in all savings made by 
workera, production costs are likely to benefit greatly. 

Taylor Differential Piece Rate. This system was the first to 
rec€®ftise the necessity of determining accurately a standard or fair 
day’s work. Under this syatem, a standard task or rate of production 
is determined, and two piece rat^ are set up. One of these rates is 
relatively low and appli^ to all workers who fail to produce a prede- 
termined standard day^s output; the other is relatively high and is 
paid to all who reach or surpa^ the standard output. This system was 
designed to eliminate p(K>r workers by diseouragingly low pay, and at- 
tract gcKMi on« by the opportunity to increase pay indefinitely. In 
eompaiisoa with the Hal^y system, -efficient workers do not share their 

system similar in formula to the Halsey system is the Bedeaux point 
plan, which sets up a standard of performance in terms of standard minutes, 
ntiliaing the point, which d^gnates the amount of work assigned to be done 
in 1 minute. The work®" m i^id for 75 per cent of the minutes he saves by 
working faster than the stodard number of points constituting a job. 
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savmgs with management, but receive full benefit of them. This sys- 
tem is applicable only where processes and methods are highly stand- 
ardized, and guarantees no minimum or day wage. 

Gantt Task and Bonus Systenu The Gantt plan recognizes the 
fallacy of penalizing w’orkers for inability to attain a standard output 
or do a task in standard time. This system gives the workman a bonus 
(33% per cent is a common figure) if he attains or exceeds standard, 
and guarantees him his day rate if he fails. On the basis of a 33% 
per cent premium, the mathematical expression of earnings by the 
Gantt system, provided that standard output is attained, is: 




or, expressed in terms of pieces 




where Rp = rate per piece, N = pieces produced, and the other 83 rm- 
bols are the same as for the Halsey formula. 

The workers who fail to attain standard output under the Gantt 
plan are paid on a day rate. 

The Gantt plan has merit in that it eliminates any penalizing of 
workers, hence making them feel more secure and better satisfied, as 
well as providing a goodly reward for any added effort above standard. 
Both the Taylor and Gantt systems operate on the idea that output 
can be stimulated greatly by giving the employee good working con- 
ditions and teaching him economical and efficient procedure. 

The Rowan Premium Plan. This is but a modification of the 
Halsey plan, differing in that the premium is not a fixed fraction of 
time saved but is equal to the percentage of time saved multiplied by 
the amount earned on straight hourly rate for the job. Mathemati- 
cally, this become: 

E = fi-Ha + * S • Ha 

whidi, for the ^ke of eonvenience in calculating, can be reduced to: 
E = R-H^- 

where the s 3 nnbols are tihe same as for the Halsey formula. 

This system offers greater incentive than the Halsey Premium Plan 
for mall savinp in time. 
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By BO means are these all the available wage payment systems^ 
for new ones are contmually being developed. Once a system is estab- 
lished in a plant, there is a tendency, too, for it to acquire minor modi- 
fications to suit the specific conditions. Figure 1 shows graphically the 



0a% Oi^tit - Per Cent of standard 

Fimili 1. Gmphical <x3mparfeon of wage payment systems. 


rmilts of the systems we have discussed. For comparative purpose, 
the standard output for each system is taken as the same. Ordinarily, 
however, the Rowan and Halsey systems set lower standards at which 
premiunB l»gin ttian ttie Gantt or Taylor systems. 

R»*Kra<» TO Wag® Ststoms 

.MMrmwM, Vaw Pay 'Ch^ks a Year/* Factory Mmmgeimeni md 

JamiMy,, ITO, p. m. 

H- B. Y^T' Phm How,** Fmdosrp Mmimgemmt and M^i>^ 

laa^y, 1TO, p. 

: Wmmrn^ .fiwwfive Pfea ^ ■Cto Untesfend,** American Machine 
mt, 7, 1^ p. BS. 
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A. L, Be Leeuw, Don^t Bribe Amenmn MmMtmt, March 1938, 

p. ^3. 

M. F. Stigibs, “Rate the Job Right,” Factory Management and Maintemncef 
January, 1938, p. 94. 

W. C. Owens, ‘‘Bonus Dro|» Packing Costs 19%,” Factory Management and 
Mcdntenance, March, 1939, p. 51. 

PROFIT-SHARING PLANS 

Profit-sharing plans should not be confused with incentive wage 
pajrment plans. Profit sharing coinsists of distributing a percentage 
of a company's profite in a determined ratio at fixed intervals of time 
to employees eligible by service to receive them. In the wage system, 
the -worker receives his premium every pay day, but in a profit-sharing 
plan, the distribution of profite is at longer intervals. Profit-sharing, 
contrasted to incentive wage systems, is not based on individual skill 
or initiative, and the lazy employee shares equally with the diligent 
one. 

Most profit-sharing plans are complex and diflBcult for the average 
worker to understand, but nevertheless, they establish in the minds 
of employees an inter^t in earnings and in the value of eliminating 
waste. 

“I Believe in Profit Sharing,” an interview of Sen. Abthtje H. Vant^nbubo, 
Factory Management and Mmnienancej Februaiy, 19^, p. 38. 

''‘What the Profil^Sharing Record Shows,” Factory Marmgement and Mcdnte^ 
mmce, February, 1939, p. 40. 

“How Industry Looks at Profit Sharing,” Factory Mmagement and Mamlmumm, 
February, 1^, p. 41. 

“Six Suct^^ul Profit Sharing Plans,” Factory Management and Mmnienanoe, 
Fdbniary, 19^, p. 43. 

REAL WAGES 

In studying wag^, we should not Ic^ sight of lite purchasing 
power of the dollar. Wag^ may increase, yet the worker may not 
r^^ive more than he did if the price of that which he purchases has 
increased a like mnount. Furthermore, with an increase in standards 
of living, the wage emner presumably has a greater variety of needs. 

* Popular opinion favors higher w^es, both to increase the standard of 
living, and upon the iheory that the ability to buy on the part of a 
large share of the population, in iteelf, supports employment. Too 
rapid an increase, however, in the wage scale creates a tendency to 
upset industrial progr^ and thus decrease employment and the total 
wages paid workers. 


wages aie defined the purchasmg power d wagm 
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The trend since 1914 has been toward higher real wages, and conse- 
Queily a betterrf sUndard of Imng for the worker Probably Ills 
Srbia largely due to iacreased induatnal preduotivity, as well as 
to a larger dare of the total produet goiug to the worker^ ludus^ 
s eomiug to realise that workers coustitute a large pioportio <ho 
total coruuruiag publie. when they are giveu purchasuig power through 
hi^er real wages. It is to the advantage of industry, then, to see that 

‘'‘“imfc“rj^S‘adv“te*tdiSiment of workers’ wages according 
to M Met 0? the purehasiug power of the dollar This scheM y a 
fair one to the worker and one which should, if ™dely adopted, 
^It in a more stable business trend through maintenance of pm- 
dMing power. Cettainly it ^arantees the worker a greater secnnty 
in his assumed standard of living. 


PRODUCTION OF A CONSTRUCTION PROJECT 


As we leave manufacture, and turn briefly to a construction proj- 
ect such as the erection of a bridge or a building, we find the same 
economic principles involved, but they vary in importance. Here we 
are usually faced with the manufacture of a smgle structure at » 
location, in the most economical way. As in the factory, we deal mth 
materials tiiemselves, labor required for transporting and fabncatmg 
^terials sequence of operations, and time of completion. _ Economy 
in erecting the structure leads the producer, who m this ^ 

the eneineering or contracting firm, into a careful consideration of the 
Svanteges a^d relative costs of factory-built parts, either stand- 
ardised or specially built, versus the actual fabrication of th^ pa^ 
at the point where the structure is erected. Thus, m the erection of a 
steel bSge over a stream, the maximum amount of fabrication^ of 
S LtSers will be done more efficiently at the steel factory, using 
standardised beams and plates, the only limitation being ease and coj 
of transportation.*® In tie erection of an office building, every effort 
will be made to use factory-built hardware and window frames, 
building houses, the use of factory-built parts has ^adily mcre^, 
and we are gradually approaching the time when, for smaller dwell- 
ings, the amS^it of labor in fabrication and erection that takes place 
at the location will be only nominal, as to cret and erection time. 


3D ft. in diameter was r^iiired in building Boulder Dam. 

"1 sucli nip^ because of insufficient clearances, a complete 

.. the dto ot fa. to «k. <*» P.P« 

cn. loeaticn. 


CHAPTER XII 


PROBLEMS OF THE SUPPLIER— PURCHASIJfG 

We have already obsen^ed that the industrial organizations en- 
gaged in production, construction, and the furnishing of various forms 
of ser\dce have, over the years, become more highly specialized in 
their activities. One result of this specialization is an increased de- 
pendency of one operating unit upon another for a supply of products 
and sendees.^ 

As completed products become more highly specialized and also 
more highly developed, a greater variety of materials and semi-finished 
elements becomes necessary in their manufacture and construction. 
One has only to examine the automobile, modem power station, radio 
receiving set, or set of golf clubs, and trace to the origin every part, 
to see that each one of these requires a wide variety of materials and 
semi-finished elements. Likewise, one has only to observe the con- 
struction of a modem highway to see that, in building it, not only a 
wide variety of materials is used, but also a constantly increasing 
variety of tools is employed in its construction. The large railroad 
systems of today buy an ever-expanding variety of products taken 
from almmt every line of industrial activity.® What one producer, 
therefore, purchases from another supports our constantly expanding 
industrial market. No one producer can proceed alone, for each is 
dependent upon othei^ m suppliers and also as customer. All prcKi- 
uete are tied together by a complicated and intimate relationship, in- 
volving both buying and selling, to ihe end that the ultimate user is 
furnished a completely flushed article or form of ser\dce. From this 
viewpoint then, we can gain some conception of the fact that selecting 
and obtaining those elements required in production constitule a very 
complex function — that of purchasing. 

PurchMing is distinctly an economic function. Products wisely 
bought for a given purpcBe have an increased value, and the methods 


^Reference: “A Case in Industrial Ekxauomics from Republic Steel" L. C. 
Morrow, Fmtorif MamgewmM and Mamtenmce^ April, 1938, p. 45. 

^ The purchases of Cla® I railroads of this country are listed in Chapter XIII, 
imge 327. It is interesting to note their quantity and variety. 
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followed in purchasing can coatribute liberally to the success of an 
enterprise, or can ruin it. 

THE YIEWPOINT OF PTJECHASING 

One is inclined to view buying and selling as two separate functions, 
the nature of which depends upon the particular transaction and 
whether the viewpoint is that of a buyer or seller. In ^ our personal 
affairs, it is common for us to consider the selling function as a task 
which prerhaps involves distasteful effort, whereas buying is usually 
considered a pleasant duty. Many of those who are engaged in com- 
mercial sales work expending their entire effort to obtain orders are 
tempted to believe that buying is an easy and simple matter. Often 
they wish that they might have a chance to buy instead of sell, because 
they feel that in doing so they would have the upper hand and a chance 
to dictate to others rather than being dictated to by those who buy. 
Such a conception is misleading, for, as we shall see, the duties of 
purchasing are neither simple nor easy, for intelligent and successful 
buying involves great resjionsibility requiring knowledge, judgment, 
and continued v^ance. 

PtTECHASING IS A DISTRIBUTION FUNCTION 

Purchasing and selling are both a part of distribution. Obviously, 
economic units must do both, unless they are organized to perform 
only one function or the other as an agency for a second party. The 
true conception of any oiganization which provides products includes 
the obtaining of goods in some form and the addition of values con- 
sisting of ideas and labor which change the form of the goods, and 
ends witii furnishing a product which performs a useful service. Thus, 
buying must come first, but it cannot be continued unless the particular 
producer sells that which be buys and alters in form to increase its 
value. We can ima^e industry, then, as consisting of a large num- 
ber of economic units which produce a variety of products or services 
in various d^rees of ultimate completion, from the basic raw materials 
to the ultimate finished products, all tied together by a distribution 
relationship which we call buying and selling. Any individual trans- 
action is both a purchMe and a sale. The name applied to the 
transaction depraids only on the viewpoint and position of one of the 
two tmnsactiB^ the deal — whether the flow of goods is to him or from 
Rim Ko transaction can he considered successful unless both economic 
imits ape uHamat^y ben^ted. N® transaction, either, is successfuHy 
completed until aU tie steps in transaction are taken, ending with 
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the payment of funds, and the ultimate satisfaction of both tiie pur- 
chaser :aiid the supplier. 

WHAT IS THE SCOPE OF PURCHASIMG? 

In the broadest conception of purchasing, we might consider this 
to enter into all activities of the economic unit. The company buys 
or hires lands, buildings, machinery, the services of management, capi- 
tal, labor in a great variety, transportation service, insurance, and so 
on. Purchasing, as we specifically term it, applies, however, to the 
buying of materials in raw or finished form. If we classify these ma- 
terials as to their general use we find that they may be grouped as 
follows, for the average producer of technical products: 

1. Goods required to form a p^rt of the product itelf, nsuafly raw 
materials or semi-finished goods. 

2. Goods required to accomplish manufacture, largely machinery and 
eqmpment. 

3. Goods requiined to provide facilite under which manufacturing 
conditions exist. 

We can illustrate th^e three i>omte nicely by taMng a particular 
example, say a builder of agricultural machinery. Such a manufac- 
turer will require some form of purchasing organis^ation which will be 
able to buy the steel, iron, bra^, paint, ball bearings, tires, and per- 
ha|M g^ or Drael engines that form a part of the ^uipment this 
company builds. 

This purchasing oi^ankation will also have to buy the shears, 
pr^^, lathes, conveyors, trucks, and el^trical apparatus required 
W ttie production layouts. 

Purchase must also he noiade, perhaps, of cement, steel, and lum- 
ber for repair and maintenance of the building or apparatus to pro- 
vide a new heating and ventilating ^srstem which may be badly needed, 
or, again, paper towels, envelopes, carpets, and a h<Bt of mis(»llaiie- 
ous equipment and supply items. 

We see, then, that purchasing covers a wide variety of products 
used in operating the modem production unit * Often this variety in 
the case of a large company covers almost the entire gamut of human 
needs, for this company require a food supply, if it maintains its own 
r^taumnt for ite employee; clothing for its uniformed watchmen and 

* Hcfwmoe: hem 1400 Snpplkfflh-Tlmr Setectioti and Ck»teol/ 

Am»mm M$^ 20^ 10^, p. 412. 
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atteBdants; medical supplies for its factory hospital; or even athletic 
ecinipment for its baseball team. 

The purpose of those charged with purchasing consists of buying 
a sendee represented wholly or in part by the best and most suitable 
products for the least outlay in funds, with due regard to ultimate as 
w'ell as immediate values. As w^e proceed w^e will see that many more 
factoiB are involved than simply those pertaining to the product itself. 

Eepbebncb 

E. B, Stockmink, "Purchasmg an Important Duty of Utility Management/’ 
Gm Age^Record and Natural Gas, December 12, 1936, pp. 637, 660; January 
7, 1^, pp. 31, 40; Febraaiy 4, 1937, pp. 33, 40, 42. This subject is viewed 
from the public utility standpoint or from the standpoint of a producer of a 
teehnitti sendee. The first series gives the general aspects and scope of 
purchasing; the second, siting up and organizing of the purchasing depart- 
ment and its personnel; and the third consists of general problems of pur- 
chasing policy. 

SELATIOHSHIP OF PURCHASING TO OTHER COMPANY 
ACTIVITIES 

It will be readily seen that those delegated to perform the purchas- 
ing function must have close working relationships with those who 
design, produce, finance, sell, maintain, and use the products made. 

The design and engineering departments must be consulted and 
their welfare guarded by the purchasing department by seeing that 
tihey are given good and proper materials for their designs. Likewise, 
elc^ touch with design and engineering departments will prevent 
^cumulation of unnecessarily large stocks,^ as well as cure many of 
the other ills that sometime arise when purchasing and design are not 
in accord. Of equal importance is cooperation with all manufacturing 
sections if inventories are to be closely watched and supplies of the 
kind provided when and where they are needed. Oftentimes, by 
©oafemng wito toe shop or manufacturing sections, disposition can 

■•OBe company, in making its annual inventory, found that it had twenty 
tim« m many screw machine parts in stock as necessary. Investigation disclosed 
that the design of a machine had been changed, making fewer such parts neces- 
mry. The purchasing department had failed to work closely with the engineering 
department or this would not have happened. A perpetual inventory plan would 
•to have thfe condition to esM. 

Another company adopted a new alloy to overcome some of its troubles in 
iBMiiififtrtiiiiiBig a piirl for maelimee! it makes. The purchasing departmmit 
went Iwymg cn its oM sdbedules, unaware of the change in material, 

until the eomiany found itelf with a large stock of brass which had to be 
of at a This eouM have been prevented by cooperation. 
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be made of overstocked material, which will result in a saviBg where 
otherwise a heaxy loss might be mciured.® 

Purchasing and sales, it would seem, are quite opposite in func- 
tion, and yet there is a great need for cooperation betm^een these two. 
Although the merits of reciprocity in buying* are debatable, it is 
being practiced, and to practice it properly so that it may aid instead 
of hinder sales, requires the closest of cooperation between the sales 
and purchasing departments of a company. Many other considera- 
tions indicate the need of such cooperation. For iostanee, one purchas- 
ing department ordered a piece of equipment from a supplier at the 
request of the sales department. The sales department failed to tell 
the purchasing department that this would be shipped without un- 
packing to a South American customer along with manufactured ap- 
paratus. The purchasing department hence was unaware of the need 
of specifying export packing to its supplier, and a loss resulted in 
transit. 

Failure to cooperate with the financial departments can result in 
just as unnec^ary a loss as lack of cooperation with any of the 
other departments of a producing unit. Investigation can often dis- 
close the financial position of the supplier and his ability to carry out 
a purchasing contract.^ 

By no means have all the reasons for a purchasing department to 
cooperate with all other company departments been cited, but those 
given are representative of why such cooperation is vital. The evils of 
lack of this spirit are very pronounced, and it is not difficult to single 
out a company whose purchasing department is trying to play a lone 
hand with no thought of or investigation into other company activiti^. 


5 One pnreliasiiig department found itself overstocked with material of a 
certain mm. Thorough cooperation with the diop however, solv«i the 

problem, for, at only a slight manufacturing cost, the materials could be 
trimmed down and 

® One dkturbing factor that often enters into the operation of purchasing, as 
well as filing, is that relating to reciprocal trade. The supplier, being also a 
purcha^r, may attempt to use this condiiion to further his position with little 
regard to the quality of products or ^rvice supplied. Any force at work which 
handicap® those chaiged with the duti^ of purchasing in obtaining the maximum 
in products or services for the outlay involved will in time prove destructive 
and uneconomical. 

"One manufacturer's purchasing department ordered a special machine for 
its factory from a manufacturer without looking into his financial condition. 
Actually, the manufacturer was in dire financial straits and failed to complete 
the order. The result of this failure to confer with the financial department 
before placing the order was a great Ic^ due to the delay in waiting for another 
manufacturer to aater and complete the order for the machine. 
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■‘Reciprocity Buying/’ Printer^ Ink, July 1, 1937, p. 37. 

Howaed T. Lewis, ‘‘The Pre^nt Status of Reciprocity as a Sales PoEcy,” Harvard 

Bminem Review, VoL XVI, No. 3, Spring Number 1938, p. 299. 

Cameron McPhersoh, *‘The Other Side of Reciprocity/’ American Business, 

May, 1^, p. 24. 

THE PURCHASING ORGANIZATION 

There are two main problems in connection with the organization 
of the purchasing department. The first is the internal organization 
of the department itself ; the second is the relation of the pnrchasing 
department to other departments or divisions of the company. 

We have already discussed the second problem to some degree. We 
have shown how the purchasing department, if it is a good one, func- 
tions on the same level ds the departments of engineering, sales, and 
manufacturing. We know that the engineering department makes 
iteelf felt in tihe writing of purchase specifications and in suggestions 
of an engineering nature. Similarly, the manufacturing department 
has its say in ordering materials and machines, and the sales depart- 
ment might enter into the picture where reciprocal relations are in- 
volved. Thus, we may conclude that, although the purchasing de- 
partment must maintain itself as a separate entity so far as commercial 
{Kilicies and the actual mechanics of purchasing are concerned, it still 
must iregard it^lf as on an equal plane with the other divisions and 
^jcept their eounseL 

In many large concerns, the purchasing department is headed by a 
vfee-pmident or a manager in charge of purcfag^ing. He is of the same 
standing as the vi(^pr^ident in charge of engineering, sales, or manu- 
facture, all of whom report to the president or general manager. In 
other eonceras, the purchasing department is in a more subordinate 
position, and reports to the works manager or viee-president in cha^e 
of manufacturing. Whatever its position in tie company ’s structure, 
modern purch^ing is made sufficiently independent of the other func- 
tions to insure its operating at great^t efficiency. 

The controversy that still exists, particularly among the larger in- 
dustrial concerns, revolve around the degree of centralization that is 
desirable in a purch^ing department.® The advocates of a decentral- 

»Oca^i«r ft fimt lias four pknts at different IcwaHties, 

IwiiiQttftras at a iffih pemt kKsafM ia a dty. Should tie 
wasiWMyily be located at headquarters, or AouM emh 
{^1 ite mm Icr Aose pr^ucts recpired at mA 

|Aat? 
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ized purchasing department advance the following arguments to sup- 
port their claims: 

1. The average individual charged with the rK'ponsibility of purchas- 
ingj it is claimed, lacks the nectary skill and training to administer 
a centralized department. 

2. The average individual charge with the responsibility of purchas- 
ing, it is claims, lacks snJSicient knowledge to buy intelligently the large 
variety of products required by a group of manufacturing plants. 

3. With the purchasing function exercised locally, quicker and more 
dir^t action can be attained in buying. 

These reasons, we may admit, do carry a certain validity, but 
there are arguments just as good, or better, which favor centralization 
of purchasing at one point. They are: 

1. The responsibility is cleariy fixed at one point and in the hands of 
one individual and his associate. 

2. With purchaang done at one point, those in charge can more easily 
follow busing trends, price fluctuations, and their application to buying. 

3. It establish^ a imiformity in buying that is difficult when the de- 
partment is decentralized. 

4. It makes possible liie ^ononues of buying in larger quantiti^, dnce 
the requirements of the many departments and plante can be lumped into 
la^ orders. 

It should be pointed out that^ although a strongly centralized pur- 
chasing department has been found better in many concerns, some of 
ihe larger companies with far-flung plants have found it d^irable to 
place a local purchasing agent in each plant in order b^t to meet local 
needs, with a general purchasing ^nt • at headquarters, to establish 
ihe policies and coordinate the activities of the ottered purchasing 
departoente. 

Broadly speaking, the functions of purch^ing consist of th^ 
fundan^ntal detailed activiti^: 

Idoitif 3 nng an existir^ need for a product or ^rviee. 

Defining this need in qualitative and quantitative terms. 

Defining where and when the product or service must be furnktei. 


*TIie term "purchasing agent’’ has been handed down from the time when 
imrchadng was considered a highly socialized function entirely separate from 
other functioais, and was often performed through agencies hired for the pnrpc^. 
The term is still generally used to designate the individual charged with the 
r^ponsihility of buying. 
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Deteimmmg where and from whom^® the product or sendee can be 
€)btained. 

Placing ordera — ^following them. 

Obtaining proof that what is supplied meets the specified requirements. 
Approving the payment of funds for orders filled. 

Reference 

^Purchaang and the Purchasing Agent,” Mill and Factory, July, 1937, p. 59. 


OPERATIOH OF PURCHASING ORGANIZATION—GTEPS IN 
PURCHASING 

In studying tiie steps in purchasing, we will consider the methods 
employed today by those concerns which have developed modem 
methods for buying. The actual steps have been reduced, over a period 
of years, to a rather definite routine, which may be described as fol- 
lows, as applied to a manufacturer of technical products: 

1. locally enough, the first step is to ^tablish the need for making 
a purchase. This need may come as a request from those responsible for 
manufacture, or tht^ responsible for the design of the product produced, 
or, again, from the purchasing department itself, to provide a replenish- 
ment of a depleted store of materials r^ularly used, the nature of which 
has 1:^0016 standardized. 

2. Once the need is ^tablished, definite purchase specifications must 
be drawn up. Th^ may be prepared by engineering talent located in 
tl^ purchasing department itself, or similar talent in the ranks of th(Be 
who d^gn ti^ product, or the two working together. In any event, the 
purchasing department must make use of its commercial experience in 
drawing up fihe sp^ifications in their final form, and must pay heed to 

r^anmeiidations of both manufacturing and engineering departments. 

3. Tte spaificaticffis must be i^ed to prospective suppliers, and 

rfeis Ihe suppliers may di^over ambiguities in the specifica- 

and reqij^ an interpretation from the purchasing department, so 
m lo «»rtain ^actly what is wanted, and such matters must be set 
strai^t. 

4. Whm all bids have hem r^aved, the purchasing department then 
aaalyji® tten carefuHy to see that they comply with specifications. The 
low lAMer is determined, and his proposal comparal with th(^ of his 

eampe^tora. 

5. A contract or order is next awarded. Usually, the award is made 
to the low^ bidder who meets the specifications, although other con- 


Refereac®: "Sel©c?tii^ the &»irce of ^pply,” Robert C. Kelley, EmcMiwm 
Bmlhim, Company, Fdbruary, 1938, p. 5. 
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siderations may eBter in to influence the award, such as the reputation of 
the supplier in his abilty to meet all commitments. 

6. The purdu^ing department carniot r®t once the sward has been 
made. It must foUow up the order and make certam that the goods will 
be sMpi^ on time. If delivery is of great importance, a |»nalty clause 
may be inserted in the order to force the supplier to pay damages for 
each day*s delay over the specified time of deliver^". 

7, Upon receipt of the material, it is usually a duty of the purchasing 
department to inspect the shipment and either approve or reject it. 
Approved material is assigned to the storeroom or put into immediate use, 
and rejected material is returned to the supplier. 

8-9. The tw’o step® remaining before the purchasing department can 
consider a transaction completed are the approval of the invoice, and the 
setting up of a record of the purchase for the purchasing department’s 
These records may be quite valuable, both for checking back on the 
supplier, should the material later prove defective when us^, and as a 
part of the purchasing department’s statistics for future reference. 

INTERNAL ORGANIZATION OF THE PURCHASING DEPARTMENT 

When it comes to the internal organization of the purchasing de- 
partment, specific statemento are useless, since much depends on the 
size and type of company. However, the charts on pages 304, 305, and 
306 will give an idea of the variety of organizations that may be found 
among the large and small industrial concerns. 

PURCHASING DEPARTMENT METHODS AND OPERATION 

In many completed products, purchased materials and parts may 
constitute more than 60 per cent of the total manufacturing cost. 
Labor coste may be 15 per cent, overhead taking up the remaining 25 
l^r cent. One would naturally assume that the c(M of materials, then, 
would, first of all, be given scientific consideration and treatment. 
Such is often far from the facts, however, and only in recent years, 
and in ihme plants that are more intelligently managed, has purchas- 
ing been given exhaustive consideration and new and efficient methc^Js 
put into operation. In many coneems, even today, tiie purchMing 
function is carried on much as it was tiiirty years ago, in an inefficient 
and unsystematic manner. 

Why the purchasing department has often failed to yield to the 
onslau^t of scientific methods is difficult to understand. Reasons why 
it sAotdd BO yield are many, however. Fimt, and mc^t important, is 
the matter of dollars and <^nte expenditure involved. Since purchased 
materials constitute such a lai^ pmrt of tee industrial budget, a few 
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per cent saved in buying ■will be reflected in a very large increase in 
the percentage of proiBts. Other reasons include simplicity of scientific 
purchasing, the ease of installing a modem system, and the relatively 
quick response of the manufacturing budget to scientific buying. 

Typical of the old order of purchasing is the old-time purchasing 
agent who may yet be found in some concerns. He was traditionally 



Pttrdtas^ Oqiaftmefit dl a Smai Cotitpany wth a Cef^itzed 
Dep®tmit - AH Purdt^es at Heac^uarters. 


Fucw L latemal ofganmtioii of a purchasing department. 

From the pri^winning jMiper on "Measaring the Efficiency of 
the Pui^hasing Department” in a contest conducted by the 
National Asociation of Purchasng Agents. 

^*hard»lx)iled^* and a ^Tiaggler.” He had little training other than 
that he pick^ up in the school of experience, and this was gained 
from mistakes made at his company’s expense. His skill in purchas- 
ing wm demonstrated by his ability to play two or more salesmen 
against one another, and thus beat down their prices as much as he 
could. He gave little or no thou^t to the future relationships with 
supplieiB, and each purchase he considered a closed transaction. Some 


intoning aceoamt of the haggling tyi>e of purchasing agent, the in- 
d h» and tie “way one «np«ny solred the situation, m 

ia “F&i Agents,” Ammcm Bumwu, 
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such purchasing agents eTeo took particular delight in terrifying all 
salesmen who Yisited them. 

Much progress has been made, however, and the modem purchas- 
ing agent presents a contrast to the type of individual just described. 
A modem purchasing agent of technical products usually has an en- 
gineering background. He is considered an executive, and he looks 
upon the purchasing function as a science where guesswork is reduced 
to a minimum. He thinks in terms of sound policies and businem 



Centralzed Purc±aslrig Departmefit <• Byt wifi Load Buyers Estatisiied 
at each Bant lor the Purchase (d loc^ PM 

Eigure 2. Internal organisaticm of a purchasmg <ieimrtm«at. 

Prom "Industrial Purchasing,” Howard T. Lewis, Preiitic»-Hall, 

Inc., Mew York, 1^, Exhibit V, p. 67. 

timids, instead of putting all his energi^ into saving a few dollars on 
m, individual purchase. He realhs^ ifaat his suppliers are nece^ary 
k) the life of his own company, and ttiat they are entitled to a fair 
profit; thus he is willing to pay a fair price in order tiiat they, too, 
may stay in business and furnish productB of quality. The modem 
purchasing agent recognii^ that sal^ engineers may be valuable in 
helping him with a solution of his problems, and in keeping him 
abreast of new developments; ^ hence he treato each vkiting sal^ 

Samehines a purchasiiig agent feels he is being helped so much in his buy- 
ing that he is being told what to buy. An interesting article aj^rting this, 
followed by a refuting of the charge, is found in "P. A. Pleads for Peace,” by 
W, O. McMr», and **P«w 5 e IndewiI But Lefs Face the Facts,” by W. A. McDer- 
mid, Ptmtem^ Ink MontMy, February, 1937, p. 13. 
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engiaeer with courtesy » fairness, and in a businesslike manner. He 
knows much about the economics ^ of the products he purchases, and 
he consults market statistics as often as his suppliers' price forms. 

We hare dwelt largely on the primary function of a purchasing 
department, which consists of placing orders. However, besides this, 
the department must know when and what to buy. This cannot be 
done by ^‘intuition" or guesswork. It requires an intensive study of 



Oep^tEneaert: of 9 Ufge Ccxitpaiiy Dne Locttion. 


Ficsukb 3. Inlensal oi^nimtion of a purchasing department. From ^'Hand- 
book of Administration W. J. Donald, Editor-in-Chief, McGraw-Hill 

Book Co., Inc., New York, 1^1, Chapter XH, ''Purchasing,” by E. T. Gushee 
«mI F. a. Compton, p. 708. 

price trends and business conditions, and the volume to be purchased at 
one time will be governed by analysis of these statistics. It is imiver- 
sally recognized that business follows a ''cycle" of progress. To those 
skilled k interpreting the state of business activity, it is frequently 
IMBsible to determine with reasonable accuracy whether we are head«i 
for a |»ri€Ml of "iwovery," ^'prosperity," or "depression." The deter- 
mination of buying policies in such periods depends upon the purchas- 
ing aunt's analysis of busk^ tren^ from available statistics. 

Reference : 'Economics and the Purchasing Agent, ^ D. H. Lyons, Ircm 
March 3, 19%, p. M. 
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Still another important duty of the modem purchasing department 
lies in the standardization of specifications and materials. By setting 
up a standard form for specifications, work may be greatly lessened 
and expenses materially reduced. In a company with many plants in 
various locations, additional savings are often made by setting stand- 
ard material specifications for the entire organization, and by lumping 
purchases to secure greater quantity discoimts. 

In writing specifications, the purchasing agent strives to meet the 
following points: 

1. The specifications must be worded as dearly and as simply as 
po^ible. 

2. The specifications must be accurate to a degree that elimmato 
danger of misinterpretation and for^talls evasion on the part of the 
supplier. 

3. The specifications should comply with standard forms of recc^ized 
and nationally known bodies, such as the United States Department of 
Commerce. 

4. The material specified should, if possible, comply with nationally 
known standards. 

5. The specification must describe the material and the performance 
requirements which it is to meet. It should, in faime^ to the supplier, 
describe the inspection and tests to which the material will be subjected. 

A purchasing department, to function eflSciently, must keep ade- 
quate records. These consist of data regarding: 

1. Frevwm 'purchases: Price paid, delivery on time or delayed, con- 
dition when received, test records and inspection record, and perfonaance 
under machining or producing operations. 

2. Suppliers : This file giv^ a complete picture of the available source, 
their reputation and previous record of performance. 

3. Mdericds: These data give immediate reference to prices, sup- 
pliers, previous purcha^, and performance. 

With a catalogued file of th^ data available, the work of the 
purch^iog agent will be greatly facilitated, for he can refer to a ma- 
terial, a supplier, or a previoim transaction. However, too many de- 
tailed records are cumtersome and fail to pay their way, but too few 
recorcfe offer a severe handicap. 

Some question still existe as to the relationship between the pur- 
chasing and inspection departments. Some companies maintain that 
the two must be kept separate in order to maintain the int^ty of 
both; other concerns make the inflection division subordinate to the 
purchasing department. There is much to be said for tiie second 
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method einoe the impedion md test of moomfag^maWals ate deS- 
SSTilied to the porchasmg fmctiot. itself, m checkmg of irm- 
S. iihst the purobasihg department's speoificatops ean nsuallj 
M^madily performed by the purehssing department s op m- 
“ . favor keening the t-»o functions separate for the 

‘pC" f Sras rche* against the other. Thph this may 
L^tisfactory in some instances, it may also cause friction m others. 

?he mod^ purchasing department considers many factors when 
it determines “how much” of anything to buy. It considers the interest 
4e^ney to be tied up in stocks, depreciation, and storap charges 
Lt f^ors indicate the advisability of carrying stocks which ^are not 
ll^ge. Gtmeral price levels and trends and yearly sen- 
sumption are other points to consider. 

Usfehencbs 

T. F. SMum, “K the Purchasing Agent Slip^Then You Hear About Him,” Oa 

of Man- 

Ret»ew.Yol.XrV.No. 1, p. 4S0. 



CHAPTER XIII 


THE MARKET FOR TECHNICAL PROBIJCTS 

THE BEIIAKD FOS TECHHICAI PROBIJCTS 

In BO other country than the United Stat^ of America is the 
demand for technical products and services so large. There appear to 
be some very definite reasons for this fact, and they may he summar- 
ixedthns: 

(a) We have already pointed out the fact that the American pioneer- 
ing spirit has within the last few decades been concentrated uiK)n invention 
and the development and production of technical products to the end that 
new and useful products have been offered to the public. 

(b) The American mind interests itself in thin^ that are new, and 
is willing to try them.^ “Having the lat^” of everything appmis to 
attract most of us and satisfies our pride. 

(c) With the steady advance in this country of the w^ scale, the 
average person not only desires labor-saving devices, but also is able to 
purchase them. 

(d) The lack of cla^ distinction socially create no Imrrier to the 
purchase and ^e of products. The automobile, which in its eaiikr days 
wm a luxury used by the rich and fashicnable, was adopted by al, as 
socm as it proved reliable and the price became reascmable. 

(e) The American people not only are free to spmd, but also accept 
readily the plan of “pay as you go” buying. 

(/) Ma^ production and standardisatim not cmly have imiited in 
technical products being produced in great volume, but also have add^ 
to thrir reliability and made low-priced and ccmveni«Qt i^rvicing po^ble. 

{§} living standards in th^ (Kmntry have advanced almcst iminter- 
ruptedly over a i^riod of y^rs m tiiat the luxury of y^teitky hm b«x«K 
tibe i»(^ity of today. 


^ Consider the modem, streamline train. For some time, railroad men sought 
to check the decline of passenger revenue. Then, in the midst of a depletion, 
^meone conceived the idea of stainless-steel and aluminum trains which not only 
were fast, but luxurious and beautiful, too. The ide& took with the public, and 
evi^ new train has produced additional revenue and traffic. The manner in 
which the public accepted this new service is exemplified by the revenue record 
of a Western road^s two transcontinental sfer^mliners. The revenue from these 
teains, for the first five months of operation, was reisj^tively S8000; 

mm; mm; and $101^. 
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(I) la all branch® of indiistr5% techmeai products for purpos® of 
prcxiuctioia and maintenan® ha%'e been welcomed as helping tow^ard more 
efficient oixrations and a better quality of products built. There has 
l^n no legislatioa forbidding the use of so-caEed labor-saving equipment. 


THE MARKET 

When we speak of the “market’’ for a technical product, we do not 
refer to any particular place where this product is bought and sold, 
but rather to the existence of a demand for a product which may be 
met by a supplier. The market may have several qualifications, for 
it may be limited to certain places and areas or to certain classes of 
purchaser, and it may depend upon such factors as time and the 
availability of funds and the seasons of the year. For instance, there 
is a demand, or readiness to buy, and consequently a market for ma- 
chine tcK3l equipment at Detroit, Michigan, by automobile and auto- 
mobile equipment manufacturers prior to the bringing out of new 
models of automobiles. At that time, there is a greater market than 
at other times, because plants are being re-equipped owing to changes 
required in productive layouts. 

Any market exists, too, only where there are both a wtlUngness 
and an abMty to buy. A coal-mining company might be glad to 
mechanise its mine, recognizing that the cost of mining would be 
reduced thereby, but it might not have sufficient funds to do so. 

Markefe may exist for a given product, and yet be unrecognized. 
Facuum cleanera first found their market for use in homes. Only 
later was it realized that they could be used for cleaning purposes in 
factor!®, in spite of the fact that for many years blower systems had 
been employed for removing waste materials such as sawdust and 
shavinp. 

Markets are t^ing continually created for a product by creating 
the product itself. For instant, photoelectric tube equipment is now 
used in counting or sorting certain producte manufactured, but this 
maAet did not exist until the. photoelectric tube' was developed. It 
is often difficult to determine which was the more active force in de-^ 
veloping the market for a product— the insistent need for the product 
or the creation of the prcxluct or service followed by a cultivation in 
the recopiition of its n^. 

We find ejdstiwg wmrket^ which reqtiire little more to develop them 
than an availability of the product to the potential purchasers, or again 
we find potential ftmrkeU, which require not only the availability of 
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the product but also its exploitation,^ or the supplying of some condi- 
tion which will enable the possible purchaser to buy. For instance, a 
city may need a new pumping plant to provide an adequate water 
supply, but the city cannot be said to be in the market for such equip- 
ment until funds have been made available through some plan of 
financing the purchase by taxation or the sale of bonds. In many 
instances, a potential market has changed to an existing market by 
offering the purchaser a time payment plan in which he can success- 
fully participate. 

There are in this country some twenty-fi-ve million farmers, many 
of whom could use electric current to advantage for furnishing light 
and power to their homes and farm processes. They are not potential 
purchasers for such items as electric lamps, appliances, and electrically 
operated machinery until some reliable source of electric power is 
made available to them at a reasonable cost. As soon as power is 
made available they become potential customers, but limited funds or 
other reasons may not permit the classification of all of them as con- 
stituting an existing market. 

The strength of markets varies with the demand and amount of the 
supply. Just as in an air-filled bottle you may have pressure or a 
partial vacuum, so for a product you may have a 'Seilers’ market^’ in 
which the supplier tends to dictate terms of sale, or you may have a 
^^buyers^ market^^ where the purchaser holds the upper hand. 

In studying specific products and services and their uses, we find 
a vast interdependence in the demands of all industrial activity. The 
manufacturer depends upon a large variety of products built by other 
manufacturers and upon services rendered by those furnishing trans- 
portation, power, and communication. This is a resultant character- 
istic of our continually increasing tendency toward specialization of 
human effort. We find that the demand for products and service is 
largely horizontal or vertical in character. Producte of horizmtal de- 

® No more impr^ave a demonstration of product exploitation is to be found 
than is presented by a prominent roller bearing manufacturer. The company 
early advocated the application of anti-friction bearings to railway equipment, 
and first put them on coaches, where they were a huge soccer. Next, they were 
put on the trailer and engine trucks of locomotives and on tender trucks, but 
railway engineers refused even to experiment on their use as drive wheel bearings. 
The bearing engineers, to prove this was deOTable, built a modem locomotive at 
a cost of ^ 50 , 000 , with tapered roller bearing on every wheel, and turned it over 
to the railroads for testing. 

In two years, fourteen railroads tested this huge “sample,” and one road liked 
it so well that it bought it outright. Since then, tapered roller bearings on 
locomotive drive wheeb have saved large amounts in lubrication and mainte- 
iianee for the railitMids, 
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mand are usually of a standard sort and used in a wide variety of 
industries. They may be highly specialized in purpose, but find a 
wide variety of purchasers. Common examples are bolts and nuis, 
electric-light bulbs, typewTiters, pumps, blowers, and industrial trucks, 
Common sendees such as the furnishing of transportation, power, and 
communication fall into this category. Products of vertical demand 
are usually more highly specialized and find a demand from one or a 
very few purchasing groups or industries. For instance, miners^ lamps, 
bread-baking ovens, sugar centrifugals, knitting machines, and coal 
cutting machine are used only in particular industries and hence are 
correctly termed piuducte of a vertical demand. 

MARKET CHARACTERISTICS AFFECTING PRODUCT AND SERVICE 

In Chapter VIII we studied the interests of the purchaser in vari- 
ous classes of technical producis and services. Obviously these consti- 
tute a guide for the producer in creating products or services to meet 
a market. It is impossible to disconnect the characteristics of the 
product from the requirements of the market, and also the methods to 
be pursued in distribution, because, after all, purchasers support the 
market and their acceptability of the product and service determines 
largely the nature and characteristics of the product. Two forces are 
continually at work in the creation of markets; one is the development 
of new and improved products, and the other is the development of 
new and improved proc^^ which, in industry, call for new products. 
A few example will illustrate th^ forces and how they work. 

For many ymrs people have u^ locks, to protect person and prop- 
erty. Re<»Qtly, especially as automobile have come into general use, 
the lock hM beeoM stil more cmnmon, and the embarraement in losing 
a fey b«5ome an ordinary experience to many. This condirion has 
created a demand for little shof^ in every community where in a few 
minute one is able to obtain a duplicate key cheaply. A large market 
has thus been cimted for machine which will duplicate keys quickly. 

Parriculariy in the South during the hot weather, people suffer from 
the he&t durir^ the day and also have difficulty in sleeping at night. 
This cemdition hm always exBted, but people have come to look to science 
for a solutkm of their probleno® in curing comfort. Recently, fan and 
blower manufacturers have perfected small el^trically operated fans 
which eshamt the air from the attic and cause a refreriiing breeze to 
cmne into the hot« from the windows during the night when the out- 
ride air k ciKsler than during the day. A large demand has developed 
for th^ fans, and a local t^hnical ^rvice to take care of tireir proper 
mriallaricii and hm ak) bem fmM ne^asary. 
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Automobile manufacturers, in search for a better finish , for headlights 
and other bright parts upon the automobile, stimulated the development 
of the chrome-nicke,! plating proc^. As this became practical and 
popular for automobile parts, it became readily accepted for mmt highly 
finished articles such as plumbing fixture and clocks. 

X-ray equipment, first generally used in the medical field, has been 
altered somewhat and made available to manufacturers of cast prcKlucte 
to detect flaws. Thus there has developed a limited market which for- 
merly did not exist at all. 

Early in the use of machine tools the demand for grinding machinery 
existed almcBt entirely for sharpening small tools. As production proc^« 
were perfected, clo^r limits were required and finer surface were found 
nec^^ry, there grew a veiy lai^ demand for grinding machinffl which 
t<M5k the place of cutting machines. What contribute lai^ly to riik 
transition was the improvement in grinding wheels themselv^, which 
made them much more suitable for preuction operations. 

Distributors have found that the purcha^r is influenced favorably to 
a ^ven preuct by obtaining it in a package or container which not only 
protects the pr^uct but also aids in the handling of it. Suppliers of the 
preuct have found, similarly, that packaging elimina'teB waste, simplifies 
packing, handling and storage, and provide an oppM^rtimity for adver- 
tising the name of the maker and the product. Consequently, there has 
been developed a lai^ demand for all sorts of packaging machinery and 
equipment.^ 

Thus, we find new precedes introduced and old changed, 

and -with it all new markets are ci^ted, 

MARKET ANALYSIS 

Market analysis is tiie study of the pr^nt and future market 
for a given product. Its initial purpose is to find out the extent, 
location, volume, and nature of the market, with indications as to 
probable future trends. Market analysis is k) the producer what the 
route map is to the automobile traveler, for it shows him the district 
over which he is to travel to reach d^tination by the quickest and 
easiest route. 

The ultimate purpe^e of market analysis is to guide the producer 
in reaching and serving the market in an adequate and economical 
manner, so that he will make a fair profit upon his product for the 
benefit of both th<Be who own the business and all of its employees. 

From our study of the variety of technical products and the variety 
of purchasers, we find that markets are quite complicated, for they 

^Scfaienw: ^Mcfidbrndamg aroemd Hew MeW ty Ctour S. 

T^sem, ImAMiM Jmmaiy, p. 2^. 
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depend upon many conditions which exist but are not easily recog- 
nized. Markets are continually changing, and, unless the producer 
constantly studies them and alters both product and methods of dis- 
tribution, he is quite likely to suffer loss of business and commercial 
position. A few examples of the changes and altering of product and 
distribution will ser%^e to make this point clear; for instance: 

The manufacturers of office equipment such as tabulating, recording, 
duplicating, and calculating machines have enjoyed an increasing oppor- 
tunity for business through the increased volume of records which business 
companies must maintain in "view of more extensive and complicated 
records for government tax purposes. Unless these producers study what 
our taxing authoriti^ require of business concerns, they are unable to 
supply satisfactory equipment where and at the time that it is most 
needed. 

The market for leather belts for transmitting power, so popular in all 
manufacturing industries for so long, has been relatively decreasing in 
recent years. Power-producing units have been, as a general rule, more 
commonly connected directly to the driven machines. Other forms of 
power transmission, such as gears and endie^ fabric belts, have come into 
common u^. Certainly study of the market, with all its tendencies, is 
nectary to any manufacturer who is trying to keep pace with such a 
change in methods of transmi^ion of power. 

Not many yearn ago steam engines ’were the common source of power, 
and were u^ almt^t universally by industry. Today, power is com- 
monly produced by steam turbines or Diesel engines, and many of the 
manufacturers of steam engines have abandoned this activity and are now 
producing these other forms of power-producing units. This shows how 
vast a change may be nectary if a supplier expects to remain active 
in the supply of some technical product. 

A mc^t inter^ting development in the market for pulp and paper- 
making machinery has occurred within the last few years. Owing to the 
development of improved proc^es in making paper from quick-growing 
pnc in the &>uthem part of the United States, many large paper mills 
have ffitoblished in the South, where practically none existed before. 

The lacatien of the market is of firet importance, for, without this 
knowledge, the producer is unable to direct distribution effort effec- 
tively and economically. The producer of electric refrigerators must 
know where the mass of population that lives in wired homes is 
located. Likewise, the manufactmrer of jordens must know where 
the pulp and paper mills of the country are located since these repre- 
sent his «>le markel 

PrcMiuction can be guided and supported only by distribution; 
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therefore the producer must kaow how much of the kind of product 
that he makes the market will absorb, and what share of this market 
he can expect to obtain. Volume requirements depend upon a variety 
of factors, but a careful study of the market is the only method upon 
which to base dependable estimates. The following examples illus- 
trate how the market must be studied, and the factors that must 
be taken into consideration when the manufacturer sets out to deter- 
mine his volume requirements. 

The manufacturer of contracting machinery, such as power shovels, 
concrete mixers, portable air compre^ors, trucks, and the like, will watch 
cl(»eiy construction operations in the district he attempts to serve, and 
will, to a large extent, measure the market for his prcKiucts by the extent 
of construction projects contemplated and about to be undertaken. 

Manufactureis of coal-mining machmer>^ mU watch the condition of 
the coal industry very carefully. The demand and price of coal, tc^etber 
with labor rate, will largely determine the future demand for mining 
machines. On the other hand, when mining companies are imable to 
spend money for new machinery but still can maintain their operations, 
the demand for repair parts for existing machine may be large, since the 
mine operators will endeavor to keep up production with the least outlay 
for machinery and equipment. 

Market analysis will show the time of the year when purchasers 
buy, and enable the producer to prepare to meet the demand. 

Electric fans are bought almost entirely during the summer months. 
On the other hand, ojonomical manufacture based upon msm production 
calls for continuous manufacture during the entire year with stock accu- 
mulation in the warehouse of the manufacturer and storerooms of jesters 
and dealers. Emowing this seasonal demand, the manufacturer works 
cicely with both jobbers and dealers so that electric fans are avaUdble 
for immediate delivery to ultimate purcha^rs as soon as the hot weatter 
^Is in. 

An adequate study of the market furnish^ the producer with many 
other market faci® in addition to a knowledge of where the market is 
located, how much it will buy, and when it purchase. Many technical 
products are sold through distributors of various sorts. In the domestic 
field, household appliances are sold through specialty shops or depart- 
ment, house furnishing, or hardware stores. In the industrial field, 
equipment and suppli^ are sold direct or through manufacturers* 
agents, mill supply hous^, conteactors, or similar outlets. For a 
givmi product, what is the best method of distribution? The producer, 
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anxious to distribute effectively and economically, can determine this 
only by a detailed study of customer markets with due regard to buy- 
ing habite. 

In no industries is a greater knowledge of the market required than 
in those commonly classified as the public-service group. The interests 
which supply adequate and economical telephone, telegraph, and elec- 
tric power service must know the kind and cost of service desired with 
all its ramifications, and also the extent to which it should be made 
available. This calls for a minute study of conditions surrounding 
fxjpulation — ^its Iwation, growth, and volume requirements. Large 
amounts of capital are necessary to furnish service facilities, and the 
facilities must be properly located with a view to present and probable 
future demand. Time is required to establish and provide operating 
IcKjations and lines of communication, and capital is likely to be in- 
vited unwisely unless there is a complete knowledge of present — ^as 
well as probable future — conditions upon which to base plans. 

The laying out of public works for water supply, flood prevention, 
sewage disposal, and street traffic requires the same degree of careful 
planning, all based upon the principles involved in market analysis. 

For a manufacturer who contemplates producing an entirely new 
prc^uct, a study of the possible market is most essential, for success 
or failure may depend upon such studies. 

There are many examples where market studies have been the 
direct cause of the development of other markets for a product which 
were not even thought of at the time of the initial analysis. The fol- 
lowing is such an instance: 

Cellophane wm placed upon the market only after exhaustive studies 
had bmi made of Its pcmble use in one or two fields. As this product 
wm ured to wap other products, a study of the market involved practical 
that products wrapped in Cellophane had a greater ac- 
reptaare than when unwapp^ or wapped with other materials. Be- 
fore prodiwt was offered for sale to several po^ible purchasers, its 
i^falaras wm piwi«i m that its ure was fully justified. 

The succ^ of Cellophane, however, as a material with which to wrap 
certain article, introdured a demand for new types of wrapping and 
pacla^g machines, for machines ured for handling existing produete 
wre fiHiwI inwnteble for th© purpose. 

From what hf^ been said it is clear that, if the supplier is to fur- 
nish an acceptable product and reach a market adequately and econ- 
omically, facts upon the market must be determined, evaluated, and 
placed in a u^ble.form. Such studies guide the supplier in all his 
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major activities. We might say, as a summarj^, then, that, assuming 
a given product available for sale, the following factors are of most 
interest to the supplier: 

General conditions of bminem. General business activity vari« from 
year to j'ear, and the demand for products vari^ to a greater or l<ffiser 
degree, depending upon the nature of the prcxiuct. Any supplier must 
follow the course and trend of general business activity, and study the 
relation betw^n it and the demand for the particular product furnished. 

Location of possible purchasers. A study of the gec^raphical location 
of various buying units is nec^sary, and any trends which appear to 
govern a changed location of them. 

Yolume of purchasmg power. A study of the volume demand of the 
varying bujing units is ^ential, on which to ba^ the extent of mles 
effort and pr(xiuction. 

Price and qudity. A study of the market and its change in relation 
to the price and quality of the product furnished, serves as a baas for 
^ablishing correct selling pric^ and acceptable products. 

Stability of demand. Whether the market for a given product m likely 
to continue is a matter of imjxirtance, or whether it will change with 
popular fancy, or with the availability of other and superior produete. 
During the early history of radio reception, earphone sets were in great 
demand, but they fell into disuse as r^eiving sets were improve and the 
loud speaker was perfect^. 

Initial or replacement demand. Whether the product is to be lari^Iy 
sold to initial purchasers, or for replaomrent of esdsting inferior or worn- 
out units, win influence sales polici^ and plans. 

Elasticity of demand. managraaent must know wtetl»r the de- 
mand can be increa^ by an improvemeit in the product or by 

sales promotional effort, or through other planned device of distribution. 

Purchasmg A study of the purchasing habits of customers, 

which will vary according to a wide variety of caus^. Such studio show 
under what conditions and through what channels of distribution cus- 
tomers d^ire to obtain the product offers them. Customer may dedre 
to purchase, for instance, on extended terms, or may require installation 
servi<^. Many producte, too, are bought in relation to other products, 
as startup and lighting battens for use with automobile. Purchasmg 
habits are often firmly fixed, and though they appear illogical, cannot 
be alter^ by the supplier without great effort and exj^nse. 

Competition. A study of cmnpetitive products, and the methods of 
distribution and rendering of services, usually throws considerable light 
upon the ntiarket the supplier is attempting to meet. 

BWbits Burdei Industry witk Idte-I>iy Cc^ to 

Provide Oaimdty fm Paik Demands® Walter M. Dake, Cod Age, Novembe 
193^ p. 35. 
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Eii»iDGi: Hawes, "Maricet Research Will Help You Sell More Goods Norn” 

Indmirial Marketing, June, 1938, p. 18, 

E, J. Klock, “Market Research Aids Industrial Sales Promotion ” Mechanical En-^ 
gimenng, April, 1^7, p. 2^. 

Debiey W. Walton, * ‘Market Research in Engmeering,” Engineer, VoL 164, 
July 2-August §, 1^7, p. 2. This article gives some excellent discussion on 
the various pha^ of market research. 

“Market R^earch as a Guide in Selling and Advertising/^ Industrial Marketing, 
April, 1938, p. 12. 


MARKET GROUPS 

Techakal prcKiucts originally found their market for use in military 
activities, constmction work-~such as water and gas supply systems, 
and mining developments. As manufacturing, transportation, and 
communication developed, the demand widened. It began to invade 
the farm, office, store, shop, and home. Technical products, today, 
enter into every phase of our life, because our bodies are fed, washed, 
clothed, tempered, entertained, and transported by means of mechan- 
ised services. 

In order to study the broad market which now exists, we can prof- 
itably divide it into five main groups. These groups show clearly the 
five main classes of sources from which markets are derived. They 
are: 

1. From the individual purchaser who buys for his own use, prin- 
cipally for the home. 

2. From commercial and institutional purchasers, such as offices, stores, 
shoiB, hcEpitals, theaters, and office buildings. 

3. From agricultural enterprises. 

4. Fran the large variety of industrial purchasers, including: 

Manufacturii^ companies. 

Mining and lumbering companies. 

Construction enterprises. 

Public-service companies. 

i. From various governmental units. 

We shall study sonaewhat briefly these groups in showing their 
im|x>rtance in the creation of markets for technical produets. Since 
the Fwiuii^ments of governmental units parallel closely those of in- 
diBtry, we will not dwell m thk market. 
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The Mabket fedm the Home and iNDmcDUAL 

The so-called “home” market for technical products consists largely 
of a demand for products which will save labor. Such products are now 
familiar to all of uSj although not many yearn ago they wore technical 
curiosities. Several of them may be considered a redesign of types 
which have been long in use; others are entirely new. The develop- 
ment of the small motor and electric heating element, together with the 
availability of electric power, has made the wide acceptance of many 
such appliances possible. The list of such appliances is constantly 
expanding, but the leading items are the vacuum cleaner, domestic 
washer and ironer, mechanical refrigerator, dish washer, electric sew- 
ing machine, automatic oil and coal burner, electric ventilator, radio 
receiving sets, electric winter heater and range — to which might be 
added air-conditioning units which will rapidly be included in our 
domestic heating and ventilation systems in the future. 

To such a list might be added a large number of small devices or 
“gadgets” which are finding an increasing use in housekeeping, usually 
for convenience in the preparation of foods. 

The mechanization of the home which has been taking place during 
recent years serves as a dramatic example of the results of combined 
engineering and merchandising skill. In one sense, the home can be 
looked upon as a factory for the production of comfort and happing. 
As an enclc^ure, it require illumination and the proper control and 
conditioning of air. Within the home, certain mechanical proc^ses 
go on, principally relating to cleaning the fixtures and clothe we 
wear, and the preservation and preparation of food supplies. 

Probably the m(»t conspicuous example of a technical product sold 
in large quantiti^ to the individual is the pa^npr automobile. 
Since it furnishes a form of ^rvice universally popular and nece^ary, 
and is independent of an external source of power, its development has 
opened the way for a large demand for other technical products such 
^ ih€m required in the building of highways and furnishing service 
locally to the automobile owner. 

The acceptance of such products bs these which are purchased 
largely by the individual, and particularly those purchased by women, 
is determined to a large extent by emotional appeal and the adapta- 
tion of the article to the personal habits of the individual, as previously 
pointed out. 

Market studies, in connection with such items, to be useful must 
relate te the matter of individual taste as well as to utility. Thus, 
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sales promotional effort in reaching the market existing in the home 
and from the individual offers a large opportunity for the study of 
mass market psychology and the use of the various devices of sales 
promotion and advertising. 

Elaborate market studies are continually being made of market de- 
mands for various technical products sold to individuals. For the 
m<Bt part, such studies are made by the manufacturers themselves, or 
those companies engaged in distribution and sales promotion* Most 
market studio relate to such factom as these: 

The hx4dkm of pc^ible purcha^rs, from which follows the volume 
of defmimd according to geographical areas. Such studies show the pur- 
chMittg density of selling territories. For instance, in respect to electrical 
appliance in the home, one measure of possible demand will be the 
number of wired homes. Other factors enter into this, however, depend- 
ing the cla^ of population considered. In mill towns, or in Southern 
citi^ where the n^ro population is large, the buying power will be lower 
than in suburban, residential districts. 

The quddy and price requirements for the product will differ ma- 
terially in different areas, depending on the varied classes of purchasers. 

The demand for the product will depend upon local conditions char- 
actenstic of the district. Air-conditioning and ventilating equipment will 
find its lajgest demand, other conditions being equal, in warm climates. 
Oil burners will find little demand where soft coal or natural gas are 
avaihble at low prices, but, on the other hand, there will be a laige 
dCTaiiid for automatic stokers or gas furnace. Electric ranges will be 
popular only where rate make it possible for electricity to compete with 
other forms of heat for cooking. 

The furchmng hcd^its of the buyers are an important cbaracteristie 
of the market. Tlie» may relate to the style of the product required, 
cadh purcharing vs. ir^tailment buying, the class of retailer mcst effecfive 
for local distribution, ^asonal demands, buying motives, and so on. 

The factom concerning transportation costs j methods of packing and 
shipping, and impK)rtaiice of availability to serve the market by local 
wardioiEe stocks, are all important in making market studies of this cla^ 
d buyer. 

The products offered by competitors and thdr methods of distribution 
MB to any complete market study, b«5ause much can be learned 

from tbm as to what to do or what not to do. 

Various have been tried to indicate ilie buying power 

of the individual, the most important being that based upcm iim 
famiy ineome, m ^own in federal tax statiMics.*^ 

•®Rrfereai(^: ^fecbanical RefrigiOTtioii and Family IncxMie,” John P«y, 
Iwm 1»7, P.M. 
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The Market from Besiniss ahd Ikstitotional Peechasies 

Technical products find a ready market in the field of business and 
institutions. Of increasing importance is the market created by the 
growing mechanization of public and semi-public buildings^ stor^, 
offices, and service establishments such as garages, repair shops of all 
sorts, laundries, shoe-iepairing shops, bakeries, amusement houses and 
parks, and many others. 

The use of technical products in business establishments and insti- 
tutions has in the past proceeded more slowly than the adoption of 
similar producis for dom^tic use. The wide use of such products by 
individuals themselv^, in their own homes, has definitely had ite in- 
fluence in recent years in hastening mechanization in all busine^ insti- 
tutions employing people and catering to their demands. Competition 
and a greater appreciation of those elements which go toward customer 
satisfaction and employee comfort, happine^, and efficiency constitute 
the forces that are now leading to rapid mechanization in this field. 

Air conditioning, for instance, is employed hy a restaurant, and at 
once there is a large increase in the number of meals served. Such 
additional business is attracted from other eating plac^, and they 
must provide a similar service to regain patronage. Thus, the total 
volume of business done by restaurants may have increased only 
slightly, but all patrons are provided with greater comfort. 

One office building, for instance, rehabilitate ite interior. New ele- 
vators are installed, better forms of illumination are adopted and 
heating and ventilating systems are revamped. At once, vacant office 
space in the building become desirable and tenants are attracted from 
less desirable locations — ^with the net result that standards are im- 
proved and offices, in general, become better places in which to work. 

Office appliances have, in recent years, been improved to a remark- 
able degree, and new kinds of recording, duplicating, tabulating, and 
calculating machines have been introduced. With the increased use 
of records of all sorts, this work could not be efficiently and accurately 
done today without them. Operators have become specialiste in tiie 
various types of machines, and the manufacturers of these machines 
have themselves developed elaborate plans for training operators, as 
well as systems of keeping records — all of which constitutes a part of 
their distribution service. 

Hospitals are depending more and more upon technical products for 
comfort of patients, ^cient operation, and the general betterment of 
such institutions. Schools are being more highly mechanized in the 
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iaterest of greater efficiency and better conditions for the pupils and 
teachera. Even our prisons and other state and national institutions 
are looking to technical products for the improvement of general con- 
ditions and for increased efficiency of operation. 

The need for a study of the market in this field of businesses and 
institutions is just as important — if not more so — ^than in the home, — > 
because purchasing is done with a view to avoiding losses or increasing 
profits. 

Refisekces 

^Modern Hcwpital Uses Winter Air Conditioning in Operating Rooms,” Heating 
md WmtSaimg, May, 1936, p. 32. 

Dohax© F, Calmly, ■‘^Automatic Lighting Control Safeguards Children’s Eyes,” 
Ehctrimi World, February 13, 1937, p. 542. 

The Market from AcmcuLTiJEE 

The market from agricultural activities, of interest to the engineer, 
deals largely with agricultural machinery and equipment used in the 
production, storage, and handling of farm products. Agricultural 
products, prior to consumption, become a part of the processing indus- 
tries, such as those involved in the milling, meat, sugar and confec- 
tionery, dairy and ice cream, baking, canning, and bottling industries. 

The market for farm implemeni^ for the cultivation of land and 
the gathering of crops will be touched upon only briefly. The design 
of such implements requires technical skill, but distribution is largely 
imrchandising in nature, for, being complete self-contained units of 
equipment ready for operation, little is needed in the way of applica- 
tion of an engineering character. The market naturally exists in 
^ricultural areas, and is quite variable, depending considerably upon 
seaams of Hie year and the volume and selling price of crops which 
determine the farmers* purchasing ability. Time payment buying is 
aaniiMia, and sate risks are large in this field. 

In contrast farm implemente, we find a large variety of fixed or 
remi-portable equipment on the farm which produces or processes a 
great many farm products, such as dairy machinery, pumping equip- 
ment, incubators, feed grinders, as well as household appliances. With 
the eonstant extension of electric power lines in farming districts, and 
the introduction and improvement in a wide variety of electrically 
driven apparatus, the acceptance of which is continually stimulated 
by file scarcity and hi^ price of farm help, we find that mechanization 
of file farm is a relatively new mad attractive field for engineering 
skill. Manufacturers of equipment, publie utility companies, and farm 
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associations have joined hands in a study of the economic problems 
existing in farm mechanization. 

Repesences 

■'^Agncultare/' Iron Age, January 7, 1937, p. 104,. An excellent insight into rumi 
meclmnizatioii. 

Haset G. Davis, '‘Farm Mechanisation Has Changed the Life of the Entire 
World ” Automotive Indmtriee, February 13, 1937, p. 219. 

W. R. WooLEiCH, ^Troc^ Industries and Rural StebiHty,^' ‘Mechanical Enffineer-* 
ing, July, 1936, p. 427. 

The Maeket fbom Indtjstby 

In studying the market which the various industries offer to the 
manufacturer of technical products, we find a rather bewildering va- 
riety of classes of purchasers, and also variety of products purchased. 

As industry has progressed along the path of specialization, two 
opfKisite tendencies have appeared. One is for the manufacturer to 
make, rather than purchase, those elements which he requires. This 
has been particularly true as organizations have grown to mammoth 
size and as their requirements for duplicate parts or completed ele- 
ments have increased. Automobile manufacturers now build almc^t 
every part of the car, such as gears, axles, engines, and wheels, whereas 
formerly these were purchased from independent manufacturers. 
Only where the nature of the part differs widely from their line of 
work and where the part is required as a popular replacement, as with 
tires and batteries, is the practice uncommon. The automobile has 
become now regarded as a complete machine, not an assembly of 
parts picked up here and there. 

On the other hand, when we consider the instruments required in 
production or the furnishing of a service, we find a decided tendency 
in the other direction, ie., a tendency to purchase rather than to make 
them. Production of all kinds has eontmually become more highly 
specialized, requiring more highly specialized equipment and opera- 
tions, and those who produce can no longer scatter their efforts in the 
direction of designing and building the variety of products that are 
necmary to carry on production. The machine tools required in a 
plant producing a metal product serve as a good example. No manu- 
facturer, today, would attempt to make the machinery he imes to cut, 
grind, and polish, for the various operations have become so complex 
that he dei>ends upon a number of suppliers to furnish the type of 
specialized machine require. No factory, today, would seriously con- 
sider, either, building its own cranes, hoists, conveyors, ventilatois, 
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Ixjilersj or air compressor, but would negotiate for tlie purchase of 
these from expert suppliers. 

Thus, we ImTe built up a situation by which all industries become 
more and more dependent upon one another as a source of supply for 
technical products, and what we call the industrial market has become 
of outstanding importance. The more highly specialized an industry 
becomes, the more it is dependent upon other industries. As we have 
seen, this is one reason why the purchasing function, as well as the 
distributing function, has groTO in complexity and importance. 

The industrial market can be visualized only by considering it 
from the viewpoint of a supplier of a particular product. We must 
distinguish between the ^'supplying'^ industry and the ^^consuming^^ 
industry. 

First, let us consider what goods are used by industry. The fol- 
lowing clarification is illustrative of the various product groups, with 
example for each group: 


TABLE I 

Classification of Gocds Usiao by Industry « 

L Maelmiery for production. 

M&cMne tools. 

Woodworking machineiy- 
Printing pr^es. 

Pumps in a p®p^ mill for handling stock. 

Shoe-making machineiy. 

X Auxiliary equipment. 

Elemtcis in a manufacturing plant. 

Keating and ventilating equipment. 

Power-producing mscidnery. 

Installed lighting equipment. 

3. Opoatixig supplm. 

Piiel, wate-, huffing (»mp<miids, waste, small tools, printed forms, paper 

towels, e^. 

4. Falmcafing pula 

Cfeaoline ^jgiiies f mounting on a machine, such as a concrete mixer. 
Bel&c. 

0«us. 

*I1ie whMe cm a loeomc^Te. , 

Mi^ms and a»troIfa:s fcmning a pui; of a power^ machine tool. 

M, T- Copekmd^s classification of goods purchased by indusbiy, a|H 
pearii^ in Table I, pp, 27-8, of "Marketing Industrial Equipment,** Benmrd 
I^er, McGmw-Kitt Book Company, Ims^., New York, 1^. 
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5. Fabricating materials. 

Paint ii»d on a PuUman 

Stee! rfiapes for a machine bedplate. 

Insulating materials for a transformer. 

Cork gaskets. 

6. Process materials. 

Dy^ for textile products. 

Baking powder in the manufacture of biscuits. 

C(ml for heating furnaces. 

Ice for cooling chemicals. 

Air for drying insulating products. 

7. Primary materials. 

Iron ore, cotton, wool, wood, and copper. 

With the above in mind as products to be sold, now let us eon- 
sider the industrial market to be met, which follows in Table II. 

TABLE II 

The industrial market may be divided into the following principal purchaang 
groui^: 


Manufactimng compames. 

Marmfacitmng companies — Cofi'L 

Process industries: 

Metal-working industries: 

Chemicals. 

Mechanical machinery. 

Clay and brick products. 

Electrical machinery and mippltea 

Coke. 

Automotive. 

Drugs and cosmetics. 

Locomotive and buildera 

Expletives. 

Airplane builders. 

Fertilisers. 

^lip and Ixmt builders. 

Ghai^. 

Railway shoit. 

Leather. 

Farm machinery. 

Cement and lime. 

Mteoellanemrs metai-worfong plants. 

Gas. 

Textile Industrie: 

Paittte, oife, and vami^m. 

Gotten. 

Paper and mod pulp. 

Knit goods. 

Ptetrolmm reining. 

SOk and rayon gooA. 

Rubber goods. 

Woolai and wcHStoi gocMfa. 

Smp. 

Clothing. 

j&tkmies. 

Inmfoer indudri^-: 

■CtonuQg suid pr^rvii^. 

Planing mills 

Confectionery. 

Furniture and box. 

Dairy products. 

Mii^Uaneous. 

Milling industries. 

E^dmdim Mmtrm, 

Ice manufacture. 

Mines and quarries: 

Metal smelting aiMl rising. 

Ferrous metal mining. 

Steel worfa. 

Non-ferrous metal mining. 

Foundries. 

Coal mining. 

Tdimceo. 

Quanies. 
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Extractive mdmtnm — Cmft . 

Petroleum prcducts. 

Natural gas. 

Lumber industry: 

Logging and sawmills. 

Comiruciion industries. 

Engineers and contractors. 

Construction companies: 

General contractors. 

Electrical contractors. 

Heating and Fentilating contractors. 
Plumbing contractors. 

PubMc-'-setvice mdustries, 

Electric liglil and power companies. 
St«m railroads: 

Right-of-way. 

Rolling stock. 

Repair shops (see Metal working). 
Electric railways. 

Marine. 

Airway. 

Bus transportation. 

Gas companies (see Process industries). 
Public works: 

Highways. 

Water works. 


Public Service industries — Con't, 
Sewage. 

Irrigation. 

Harbors. 

Canals. 

Bridges. 

Tunnels. 

Communication companies. 
Buildings- 

MisceUaneous service industries. 
Laundries and cleaners. 
Amusements. 

Printers and publishers. 

Governments. 

Federal : 

Department of Agriculture. 
Department of the Interior. 
Navy Department. 

War Department. 
Department of the Treasuiy. 
Other: 

State. 

County. 

City. 

Township. 


By selecting one of the products from Table I and searching for 
the possible purchasers in Table II, we find what the market is for 
the product. For instance, the manufacturer of printing prases would 
not attempt to sell his products to ^%irplane builders,'^ but would look 
to “printei^ and publishers” and some few large organizations in other 
industii^ that might happen to do their own printing work. On the 
other hand, die manufacturer of such common classes of equipment as 
pum|», compr^^iB, fans, and blowers would find a market from a 
large number of industries and possibly all. Thus, we see the market 
from indiistri^ is selective^'^ depending upon the product offered for 
sale and the industries which may constitute the market. 

Probably the steam railroads of the country offer a market for the 
greatest variety of technical products, because, when the various kinds 
of activity included in construction, maintenance, and operation are 
considered, we then find that diey employ products which are used so 


^ See *'CIa®ification of Machinery and Ikpipment," p. 50, ‘'Marketing Indiis- 
faial Equipment,” Bemaid Laote*, McGraw-Hill Book Co., Inc., New York, 
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CLASSIFIED PURCHASES, CLASS I RAILROAM, 1937 


Frogs................ $44,722, 000 

Track tools and miscellaneous 5 g(j 4 qqq 

Interlocking and signal and Tel. & Tel 17]526'000 

Brick, cement, lime, stone, etc ] 7’430’000 

B. & B. lumber and piling l4'743*mB 

Switch fe. 11,567,C»0 

Crc^ties 58,477,000 

Bridges, turntables, etc.. 1,866,000 

Balkst and riprap 16,387,000 

Rail-new and usable 43,098,000 

Fuel and water, station material, etc 6,795,000 

Chemicals for timber treatment 2^787[CX}0 


Total Maintenance of Way & Structures $231 CTO 


Bolts, nuts, washers, etc $15,978,000 

Springs 2,649,000 

Boiler tubes, superheater units, etc 6,500,000 

Tubing and K>ft metals 4,227,000 

Bar and sheet iron and steel ^,428, 000 

Locomotive and car forgmgs 24,014, (TO 

Locomotive and ear casting 52,51 8, CTO 

Bra^ castings and journal bearing 35,549,000 

Air brake material 9,(B2,000 

Ixjcomotive appliances 15,146,000 

Passenger car trimming 10,435, OCX) 

Electrical materials 17,486,000 

aopfuel 8,691,000 

Foundry supplies, firebrick, clay 1,078,000 

Wheels, tir^ and axles 33,392,000 

locomotive and car lumber. 23,552,000 

Machinery, boil^, fir^xes, and mis<^ianwus . 13, 109, OCX) 


Total Maintenaiice of Equipment ITO9,^,000 


Train and station supplies $14,726,000 

CMl house material 22,460,000 

Ice house supplies. 9,166,000 

Fuel for locomotives 279,534,000 

Gcmmfe^ry supplies 17,125,000 


Total Conducting Tran^rtation ^43,01 1,000 


Iron and sted pipe and fitting $7,726,000 

ElMtri<»l mateial for buildi^ 5,149,000 

Hardware - 15,812,000 

Rubber Mid lealto: - 8,974,000 

Glass, drugs, paints, etc - 25,641,000 

Stationery and printing 17,449, CTO 

Mis<^llaneous and uncla^fied 17,6^,000 


Total CcMEunon to A1 D^partoents. $W, 449, 000 


GRAND TOTAL.... ^,596,000* 


* $11^9,000 of tiodbasilied aalfrials iir bnHt la Emilxtwii 

F«iiia8e8:^odi^^^fies,rai,aBi e^iia&ted oa tile oi reporte- frou M 
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largely by industries generally. The tabulation ® on page 327 shows a 
classification of the products purchased by the Class I steam railroads 
of this country in 1937, a large share of which may be seen to be 
technical in character. 

Reference has already been made to the migration that is contin- 
ually taking place in industry for economic reasons, such as altered 
local conditions due to taxation, labor supply, availability of raw 
materials, and shifting in the market for the products made. The 
student can visualize these changes over a period of several years for 
all manufacturing industries according to sections of the country from 
lie following table, ^ thus illustrating the shifting locations of indus- 
trial markets. 


PERCENTAGE OF TOTAL OF MANUFACTURED GOODS 


R^on 

IMS 

1919 

1929 

1935 

New 

12.9% 

34.5 

11.5% 

31.8 

9.1% 

30.4 

8.8% 

28.0 

Mkidie Xtkntic. 

Ea^ Nortk OeQtral 

25.2 

28.4 

30.9 

31.7 

West Kottk Ccsntral 

8.7 

8.3 

7.6 

7,2 

South AtJantic 

5.7 

7.1 

7.5 

9.1 

Fjyyf; Soti'tli Ccaatral 

3.0 

2.5 

2.9 

3.3 

W<wil South Central 

3.0 

3.7 

4.0 

4.2 

Moontain 

1 .8 

1.4 

1.8 

1.4 

Padific, - 

4.1 

5.1 

6.9 

6.3 




s Tabuktioji reproduced from Railway Age, January 1, 1938, p. 55. 

® Tafa«la^<m from “Industrial Markets,^' Business Week, June 12, 1937, p. 18. 
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THE DISTEIBUTIOIT OF TECHHICAL PRODUCTS 

THE IMPORTANCE OF BISTRIBUTION 

Eeference has already been made to om* national progre^ in the 
design and manufacture of technical products. Concentration upon 
such problems has engaged many of our brightest minds, with the 
result that today we are equipped or can equip ouiselves to produce 
almost any product efficiently and economically. Production is sup- 
ported only by a market, and a market should be served only by a 
system of distribution which adequately reaches it in an economical 
manner. 

More emphasis is therefore being continually given to efficient dis- 
tribution, in order that the ^tablMied wheels of production may move 
at an even and steadily accelerating pace. In a solution of tiie 
problems of efficient distribution, greater recognition is being con- 
tinually given to the necessity of applying engineering principle, for 
distribution is approaching the state where it may be termed an emci 
science. All about us we find men Gained as engineers, devoting their 
attention to distribution problems and contributing liberally to the 
development and administration of improved distribution systems and 
proc^^. Moreover, those engaged in solving problems of design 
and production should understand not only market requirements af- 
fecting the products, but ^peciaOy thc®e characteristics relating to 
tile product which make distiibution easier and less cc^tly. With 
such an understanding, engineers can a^ist in a solution of the prob- 
lems of distribution, tbrou^ their design and production activities. 

Distribution, as we diall see, is definitely an economic function, 
since it relate to the proc^ which goes on in getting the complete 
product from the factory, wh^ it is produced, into the hands of the 
customer where it may be found completely performing those func- 
tions for which it is intended. Whetiher the product is so made that 
it may be e^ily packed, stored, shipped, installed, mid serviced is, for 
instance, vital U> its dEcient distribution and acceptable use. 



330 


THE DISTBIBUTION OF TECHNICAL PEODUCrS 


A TISTKIBITTIlfG SYSTEM IS AN ECONOMIC ENTITY 

A manufacturing establishment immediately appeals to the eye as 
something of great value. In it we see machinery, and a production 
layout which actually produces physical objects of utility not existing 
before. They can be measured, weighed, and priced, and we are im- 
pressed with the importance of production, because at a given place 
we can see physical objects of value rapidly and continuously come 
into being, under the direction of an organized group of individuals. 
We all enjoy seeing things made and the direct results of machines and 
men working together. 

Distribution, however, we can never see in all its phases. Here 
and there we recognize products in couise of transportation, on dis- 
play, or being installed, but, to the average individual, distribution 
m not easily visualized, and a complete distributing system is nebu- 
lous and indefinite. Since it cannot be seen and felt and carried on 
at one place as manufacture can, a definite value is not easily attached 
to it, Thou^ any distributing system requires physical properties 
such as office and warehouses and mechanized systems for communi- 
cation, product handling, and the maintenance of records, these are a 
small part of its value. It consisfa primarily of organized personnel, 
carefully selected, trained, and directed, comprising a vitalized operat- 
ing unit. The economic investment in such an organization is just as 
real as for the manufacturing plant. The products of distribution 
consist of customers* orders which the manufacturer is to fill, and 
from which physical production is set in motion. Vast sums are often 
required to build up extensive distributing organizations, which paral- 
lel investTOnts made in factories and production facilities, but much 
of ttiis value consists of trained personnel. 

DISTRIBUTION INVOLVES MANY HUMAN FACTORS 

If any one of us were charge with the responsibility of directing 

distribution of a manufacturing establishment which was starting 
to make and sell a particular line of product, we would find ourselves 
with a variety of problems relating to organization and 
pit^iure. Ti^ decisions leading to an answer to these problems 
would, in a lai^e measure, dei>end upon a group of conditions many 
of which were neither definite nor exact, and judgment would find 
ample opportunity to display its skill. 

L«t us hnagine that fiie product consisted of a line of fans and 
blowers ordinarily us^ in conn^jMon with ventilating systems found 
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in most public buildings and industrial plants. In conference with 
those responsible for design and production, some decision must be 
reached as to what sizes and types should be offered for sale, and what 
variety and number should be placed in regular production to take 
care of the anticipated demand. Market studies should already have 
been made to provide some guiding facte, but with the need for setting 
up a production schedule, definite figures must be furnished the manu- 
facturing department, not only for the immediate future, but with a 
lesser degree of accuracy for a period of several months ahead. Such 
facte as general business conditions, probable volume of public and 
private commercial construction and industrial building work, the 
extent and productivity of the distributing organization, the extent of 
necessary stocks of fans and blowers to be accumulated, the results 
to be expected from sales promotional and advertising activitite, m 
well as others, would have to be carefully considered and the resultant 
figure evaluated. 

Each of the factors would have a relation to all the others, and each 
decision would have to be based upon an attempt toward reaching 
the mc^t economical procedure. Obviously, if greater quantiti^ of 
a single item, or a group of items, were built, they could be more 
cheaply made than in smaller quantities; yet the risk of overproduc- 
tion of a single item, and the consequent accumulation of inactive 
warehouse stocks, are responsibiliti^ thcBe in charge of distribution 
must share. They are the eyes and ears of the manufacturing com- 
pany and through them the market demands are translated to produc- 
tion officials. 

Shall distribution be attempts over the entire country or only 
over a selected territory which can in time be extended? Shall pro- 
spective customers be reached by employee of the manufacturing 
company, or will it be better to select distributors or agents to do this 
work, leaving only their supervision and guidance to company sales 
employees? Must we look to heating and ventilating contractors as a 
form of outlet? Will architecte and engineers influence the business 
to be obteined? How long will he required to train employee salesmen 
or distributors, as the case may be? Such questions as these, together 
with many others, must be answerai in order to form a sound plan of 
■distiibiiiaon. 

One of the most important matters which must receive our atten- 
tion relates to the commercial conditions imder which these fans and 
blowers are to be distributed How will the various items be priced, 
and what terms of payment will sp^ly? In what form will descriptive 
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literature upon the product, as well as pricing instructions, ordering 
instructions, delivery data, be prepared so as to be most useful? Com- 
petitors have been reaching this market, and if prices are made too 
low, unfavorable reaction will result; but if too high, sales will be 
retarded and sales personnel may become discouraged. It wmuld be 
quite easy to establish a precedent in this regard which might serve as 
a serious setback in launching a product successfully to the market. 

Thought must also be given to the continued successful operation of 
the product after it reaches the ultimate users’ hands. Troubles must 
be corrected quickly, no matter what the cause might be. Some plan 
of ^rvicing the product will hence be necessary. 

We can take still another example. Suppose that a small magneto- 
type telephone system is taken over by an organized telephone system 
and that a complete renovation is contemplated in order to bring this 
newly acquired system up to date. For rendering such technical ser- 
vice it is just as important to have the right method of distribution as 
for a technical prcKiuct that is manufactured and sold for use. 

First of all a study of existing traffic is necessary. How many 
existing subscribers are there, and to what extent do they use local and 
toll service? With improved service facilities, to what extent will 
existing traffic increase, and how many new subscribers can be added? 
What increase in rates would be justified to support the investment for 
modem equipment and for furnishing improved service? 

Technical questions must also be answered regarding the equip- 
ment layout. Should the magneto-operated system be changed to 
the common battery ^stem, or would it pay to go so far as installing 
automatic switching? Should there be a relocation of lines, and should 
toese be placed on pol^ or underground? Would the French type of 
iweiver be justified on the b^is of its greater acceptance? From a 
study of the pr^nt and probable future “center of gravity” of the 
^Ifstem would it be desirable to relocate the central operating office? 
What should toe mimediate capacity of toe switchboard be, and what 
provision should be made for the future? Where will “pay phones” 
justify their location? 

How many employees will be required, and should toe old hands 
be retain^? How will employee be selected, trained, and paid to 
obtedn the b^t results for themselves and the company? 

Only a few of the questions that arise in determining a metood of 
distribution for this form of service have been mentioned here. These, 
it will be noted, combine problems of an economic and technical nature, 
and also human factors. Some can be answered with mathematical 
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accuracy; others depend on judgment. From a detailed study and 
evaluation of facts and assumptions must come the answer as to what 
economic form of distribution should be adopted. 

Distribution is therefore not an exact science. It includes factom 
of human likes and dislike, and is quite different from the machining 
of a casting, where exact drawing, machining templates, and tools in 
the hands of the operator serve in turning out a product with definite- 
ness and accuracy. 

WHAT DOES DISTRIBUTION INVOLVE? 

The purpose of distribution is a simple one. It consists of m^dng 
it pc^ible for the ultimate purchaser to obtain and retain a product 
or service in usable condition as easily and as cheaply m pc»ible. 
How is this accomplished? 

Let us consider for the moment a manufacturer of cast-iron geara 
and pinions. To guide and regulate production, the tj^pes, sii^, and 
quality range of the product, together witih the quantity to be made, 
must be considered and determined. After manufacture, th^ geara 
and pinions must be stored at some point or points, for no widely used 
product is purchased and put to use immediately upon its completion. 
To dispose of these gears and pinions, some contractural relationshif* 
are necessary in written or concrete form with ihose who provide facili- 
ties of distribution, and some fon^ must be at work exploiting the 
product and negotiating with pro^>^tive purchasers and completing 
the transactions. The gears and pinions must be properly pack^wi 
after they are made, and then transported, for they pass through one 
or more hands before reaching the ultimate uj^r. After purchase has 
b«n made, payment must follow, and funds must be collected and 
turned back to support all phases of activity. All the operations we 
eDtunoterate here miist, of nec^ity, be measured and recorded, and like- 
wise they must be financed; all, too, involve risks to te !x)me, caused 
by imperfect human judgment, error, and accident. 

We know that we cannot <x>nsider the ^neral function of distribu- 
tion as complete until the product has be^ delivered to the ultimate 
purchaser in a satisfactory operating condition and has been paid for 
by him. Thus, we find distribution made up of a number of functions, 
all of which mntribute to this end, but only one of which constitute 
the actual selling function. Several functions of distribution are allied 
with other functions which engage the attention of the manufacturer. 

The^ functions of distribution may be summarized in the following 
way: 
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Allied with mamfmtunng' mtimties: 

j&tablisMBg demand requirements on which to base production rates 
and quotas. 

Correct and prompt filling of orders or other product commitments. 

Packing the prcxluct for storage and shipment. 

Factor}" warehousing. 

AUkd mth transportation activities: 

Shipping the product. 

Transporting the product to customer, resellers, or local stocks. 

AUkd with $eUmg activities: 

Determining the market characteristics. 

Determining the channels of distribution for the product. 

Contacting distributors, customers, and prospective purchasers. 

&taMishmg conditions of sale — contract relationships, price, delivery, 
terms, and the like. 

N^tiating orders. 

Sales promotion and advertising, 
warehousing. 

Allied with service and installation activities: 

Rendering maintenance service upon the product furnished. 

Rendering installation service, where the nature of the product re- 
quires it. 

AMied wth finemciai activities: 

Credit investigation of purchasers. 

Establishing terms of pa}Trfent upon orders placed. 

CoHecting pa}unents. 

It is well for the student to fix in his mind these various functions 
and the relations between them, for all are necessary to successful and 
^onomical distribution. Owing to the importance of such matters as 
market determination, sales promotion, price and pricing policies, ware- 
housing and maintenance service, th^e subjects are treated elsewhere, 
at length, and we will devote our attention here, largely, to those 
phas^ which are related directly to selling activities. 

The performing of each of th^e functions represents a division of 
labor which go^ to make up an entire distributing system. In the 
iai^r industrial oi^anisations, the work of individuals is highly spe- 
cialiised, but in the small organizations one or a small group of indivi- 
duals may f^rform several functions- Then, again, some of these func- 
tions may te regularly purchased as a form of service from an inde- 
pendent business organization that specializes in such service. For in- 
stance, a small industrial company may engage others to warehouse 
its finished stocks, attend to its advertising, or render maintenance or 
installation service upon products manufactured. Where products are 
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sold upon a partial payment plan, it is customary for the manufacturer 
to depend upon a financing company to furnish this service/ ¥ery 
large companies sometimes ^tablish their own financing companies, 
but they are alw^ays operated entirely separately, for financing is a 
highly specialized undertaking. 

THE DEVEIrOPMEHT OF BIST2IBHTIK0 CHAMHEIrS 

We have seen how human effort has been specialized in activities 
relating to the design and manufacture of technical producte. Corre- 
spondingly, specialization and standardization have taken place in 
connection with distributing activities. Originally, the individual who 
became skilled in making a product for his own use found that his 
neighbors were willing to purchase such products from him. With an 
increased demand, he became able to produce a better product more 
cheaply, and became more broadly known as a supplier. As the circle 
of customers vridened, the functions of distribution became more pro- 
noimced, and the problem of serving them more complex. This led 
to employing others than the individual producer to distribute the prod- 
uct, and individuals and finally separate organizations came into exis- 
tence specializing entirely upon selling a particular product, or group of 
products, to an existing market. Products increased in variety and 
complexity, and customers’ demands became more exacting and tech- 
nical, so that such problems as creating and administering the distrib- 
uting organization became of prime imjmrtance. 

Manufacturers, as they developed systems of distribution to reach 
an ever-widening market, found increasing difficulty in operating, m 
well as financing, constantly expanding distributing organizations. Re- 
tailers entered the picture as indepmident local oi^nizations, which 
devoted their entire time to distribution over a small area, and these 
redailers also took on a variety of products, made by different manu- 
facturers. As areas further ^w in size and purchasing density, 
file retailer found that he, too, was unable to keep in close touch with 
file local market, and some of them gradually assumed a position of 
wfaol^alem and developed local retailers, compensating their effort by 
giving them a share of the grc^ profit for the services they performwi. 

^ Financing companies fumMi a naannfacturer of a product sold on time TOth 
a complete financing service, by which the manufacturer receives prompt payment 
in full for the product ]®)ld. The financing company provides a mmple system 
of doing tins, and after the sale h made attends to aH matters of collection. Its 
COTQp^EmlHm of a smdce fee induding intare^ charge, wMcii mmm 

from an addition made to the retail price of the product. Usually, some form 
of guarantee or mdorsement is reqnir^ of tho^ who make or sell the product. 
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Thus, the manufacturer, who originally sold his products locally di- 
rect to the ultiinate purchaser, found a new set of problems to be met in 
distributing through various wholesale and retail channels. In short, 
the manufacturer became continually further removed from the ulti- 
mate buyer, so far as his operations W’ere concerned, and a greater 
share of the price the ultimate purchaser paid went toward distribu- 
tion expense. 

Within more recent years, the manufacturer has made an effort to 
gain a closer contact with those who do and can use his products. We 
all realise the satisfaction that comes through doing business “with the 
manager’'^ and receiving his personal attention to supplying our wants. 
Neverthele^, we realisse that it is impossible for the manager or head 
of a eompany to care personally for each customer's needs. As manu- 
facturing organizations have grown, they have, with many classes of 
products, been confronted by the dual problem of developing and main- 
taining active and elBScient secondary outlets of distribution, and, at 
the same time, preserving a close contact with the ultimate purchaser 
wh(^e needs are constantly changing in character. Certain technical 
products, as we shall see, continue to be sold direct to the ultimate pur- 
chaser, but, on the whole, a growing share passes through the hands of 
distributors of some sort. 


THE KINDS OF DISTRIBUTING CHANNELS 

Every producer is faced with establishing a policy of distribution, 
and usually a selection must be made from a variety of available 
n»thods. 

Any plan of distribution to be effective and econoniical must be 

upon a thorou^ knowledge of the product to be distributed, the 
mwkmi to be served, Ihe possible channels of distribution, and the oc- 
Umtim of com^fmtitms who supply similar or competing products. 
Ckdiaarily, the channels which are open to the supplier are these: 

1. Direct from the producer to the user, the producer performing tihe 
main distribution functions with its own organization and personnel, and 
transferring the title to the product direct to the ultimate user. 

2. Through agents who act for the producer or principal in performing 
the functions of distribution. As such, they do not take title to the 
product and make a profit upon reselling it, but rather they receive 
comi^nsation for the functions or services they perform. 

3. Throi]^ independent companies whose business it is to purchase 
and ^11 ^ain. In this group fall the following: 
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Whc^d£fB or jobbers who buy and sel exclnsiTely to tiie small 
local dealer, who in turn sells to the ultimate purchaser, or in addition 
thereto sell direct to ultimate purchasers whcee requirements are large. 

Contractors who purchase products to incorporate in a structure 
or construction project, such as a budding, ship, bridge, ventilating 
s^^tem, or power house. 

Manufacturers who purchase for the puip<»e of completing the 
product they make and sell; for instance, a pump builder will buy 
an engine or motor to complete a saleable unit, or an automobile 
builder will purcha^ tires. 

Dealers or retailers who purchase from the producer or from iim 
wholesaler or jobber, and in turn sell to the ultimate u^r. 

Since technical products are highly specialized in nature, specialized 
distributors have appeared in each class of channel namedi. &>me 
handle only one make of a particular product; others handle two or 
more makes, in order to give the ultimate purchaser a choice on such 
matters as quality or price. 

HOW DISTRIBUTING OUTLETS OPERATE 

Electrical-Appliance Dealer. In a small midwestem town is a suc- 
cessful retailer of household el^trical appliance. The ^tablkhment 
is owned and operated by two men who have formed a corporation for 
the purpose of making a profit tihrou^ the purchase and r^ale of 
standardized products of recognized quality. 

This company has busine^ headquarters on one of the leading side 
stewts of the town. Since much of toe selling is done in toe purchaser's 
home, rather than from toe store, and since the product sold is in the 
natui^ of a speciality, a prominent location on the main str^t of the 
town is not justified. At toe store, however, stocks of appliance and 
supplies are carried and di^layed, diipments are made, books and bus- 
ing records sm 'kept, and in toe of the pla«» minor repair work 
m done. 

One of toe ownem devote his tone bo inteviewii^ customers .and 
prospective purchasers, demonstrating toe laiger hotmhold electrical 
appliances in the hom^ of the prc^pects, and making sales. In this 
work he has the distance of a younger man who operates also os a 
sal^man. 

The otoer owner mak^ his headquarters entirely at the store, at- 
tending to important customers or prospective purchasers as they come 
in and demonstrating to them articte offered for sale. Assisting him 
are a bcM)kkeeper, stek and shipping clerk, and a repair or service man. 
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Delivery service is obtamed from a local trucking concern, which brinp 
in much of the purchased stock from the local railroad station and de- 
livers the individual sales to the homes of the purchasers. 

These policies govern the operations of this local retailing company: 

Every effort is made by the owners to become an active part of the 
community in which they live, through studying the tast^ and desires 
of the purchaseis. 

Ilesix)nsibilities are definitely aligned to each individual in the employ 
of the company. 

For a given clai^ of product sold, only one make is handled, and upon 
tibis the company has exclusive distribution privileges within the com- 
munity. 

Selling prices, established by the manufacturer, are invariably main- 
tained, the only exceptions being for shop-worn items and obsolete models. 

Larger items, such as washing machines, refrigerators, and electric 
irooers, which require no permanent installation, are furnished to reliable 
prcKpective customeis on 30-da>"s’ trial, and demonstrations are given in 
prospective purchasers’ homes wherever possible. All products carry a 
guarantee of one year, supported by the manufacturer. 

Ail items selling for approximately $20 or more may be purchased 
on time, the cost of financing being a part of the sales price. Financing 
B done throi^ one of the leading household financing concerns. De- 
liveri^ are made without charge to all purchasers in the community. 

A most careful check is made of the amount and variety of stock 
itens carri^, with a view to ordering only the cla^ of products for which 
there Is a donand, and these in quantities which will be disp<Bed of 
witibin a period of three months. 

Purchases are made from wholesalers and distributors which repre^t 
the manufacturers over wide areas, including the town in which this 
retailer is located. Th^ compani^ supply complete selling plans upon 
the products th^ furnish, together with nece^ry literature and sales 
premotion material, which originate with the manufacturer. Most of thk 
material is furnished the retailer at cost, and he makes use of this; he 
shar^ with the whoi^aler or manufacturer the cost of advertising in 
lo^ papers. 

In selling a given manufacturer’s product line, it is understood betwem 
this retailer and the supplier that, should the supplier receive any in- 
quiim from prcBpects located in the dealer’s territory, th^ inquiries 

wil fee pnmplly tumal over to the dealer for the solicitation of busine®. 

♦ 

Machine-Tool Dealer. In one of the large cities in the East, there 
is a machine-tool dealer who specialize in the sale of metal- and wood- 
working tools for purposes of production. The company is incorpo- 
rated and owned by several indivkluals, most of whom are oflScers and 
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employees. Over a period of yearn, they have been supplying machine 
tools to a large number of industrial plants located in the territory they 
serve, which extends over three or four states. 

Machine-tool builders are peculiar, in that most manufacturera spe- 
cialize in building one or a small variety of tools, such m lathes, 
planers, boring mills, and the like. On the other hand, almost all in- 
dustrial plants buy a variety of machine tools, either for purposes of 
production or maintenance, or both. Thus, it is often more economical 
for distribution of machine tools to take place through retailed who 
can handle complementary lines of tools, and thus furnish a complete 
line to the ultimate user. 

The machine tool dealer that we refer to here has ^tablished ex- 
clusive distributing connections with some eighteen tool builders, and 
acte BS their representative over the territory covered. No two manu- 
facturers which this company represents build the same kind of tcH>ls; 
yet ihis company can supply its customers with any of the common 
cl^es of tools required. 

This machine-tool dealer has oflSces in a convenient location, and a 
small warehouse on the outskirts of town. Employees consist of some 
fifteen salesmen, warehouse clerks, bookkeepers, and a stenographic 
force. The salesmen are assigned to divisions of the dealer^s territory, 
and each one sells the complete line of tools handled by the dealer. 
These men, without exception, have had practical experience in the 
operation of factory machinery, and they understand production proc- 
esses thoroughly. In reality, much of their work is analysing the pro- 
duction operations of their customers in an endeavor to find better and 
cheaper methods of operation by means of t(x>ls which they can furnish. 
McBt machinery sold is built on order by the manufacturers this com- 
pany repr^ents, for only a small stock is carri^, and this consists 
lai^ely of standardized small unite such as power saws, small drill 
pr^^, or ped^rfcal grinders. Althou^ the majority of sales made in- 
clude machine which are standardized but not built by the manufac- 
turer for slock owing to ibe limited sale of duplicate unite, in several 
instance a study of the custoir^^s requirements resulted in the neces- 
sity of highly specialized machiu^ including design modifications for 
tire particular Job. In such cas^, ike sal^man for the machine-tool 
dealer calls for the assistance of a factory representative whose experi- 
ence in d^gn helps him in determining exactly what is required. 

Distribution, therefore, in this instance, is through highly trained 
sales engin^m, supplemented, as occasion arises, by skilled factory 
repr^ntatives, and consists of furnishing both an engineering service 
and a technical product. Prices are set by the manufacturer and Itetoi 
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in his catalogue on standardized machines, and specialized machines 
are quoted individually to the machine-tool dealer, who, in turn, quotes 
to the customer. The dealer^s gross profit consists of a discount upon 
the prices quoted. He assumes title to the product and resells it to the 
final purchaser, assuming all credit risks and the cost of obtaining and 
filling ordeis. 

Manufacturer's Agent In the coal fields of West Virginia, there 
is a man who is in close contact with the coal operators and mine su- 
perintendents. He has a small oflSce which he shares with an insurance 
agent, »cretarial service being provided- In this territory, he acts as a 
selling agent for a manufacturer of a small variety of machines used 
principally in min^. His entire work consists of studying the prob- 
lems of the min^, determining w^herein the machinery he handles can 
be imed, and making the sale. Having formerly operated mining ma- 
chinery, he knows the language of the miner, his likes and dislikes, 
and is able to detect when additional equipment is being considered. 

His operations are based upon an agreement which has been in 
force for mme years with the manufacturer whom he represents. This 
agr^menl calls for the exclusive use of his services on a basis of a 
percentage upon sales made. Such office and traveling expenses as are 
occasioned are borne by this representative or manufacturer's agent. 
The manufacturer a^um^ all credit risks, renders invoices direct to 
the ultimate purchaser, and makes collections. Occasionally engineer- 
ing a^istance is rendered the manufacturer’s agent, for instance, where 
M^ly specialized equipment not ordinarily built is being considered. 
Ail major eas^ of maintenance service are handled by the manufac- 
turer, although repair and renewal parts of the machinery are sold by 
the a^nt. 

RnFEHEHSrCB 

WAuem Am«£T Aujsh, ®*Meetive Distribution Through Manufacturers’ Agents,** 

imhi&fyrid Mmrket^, November, 1935, p. 9. 

The Wholesaler or Jobl^r.® The wholesaler or jobber is one who 
purchase from the manufacturer, presumably in large quantities, mi 
sells to the retailer or to those ultimate purch^ers who are large 
buyers- 

^ XcKhty, the terms “whol^aler” and ‘^jobber’* have come to be used i^ony- 
mously. The mining of the word wholesaler, however, has altered, for he sells 
no longer exclusively to the retailer. The wholesaler in the field of mediani(^ 
and electrical supplies imalbr sells not cmly to retailers but also to contractors 
and large u^rs such as public utilities and railroads. The term jobber is still 
le^ explanatory, for ori^nahy it applied to the business concern which made a 
pacti(^ of buying in large "job lotas” and selling in smaller quantities. 
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In most classes of business, snch as hardware, plnmbing, or elec- 
trical supplies, a large variety of producte is required, and these are 
furnished by a large variety of manufacturers, many of whom spe- 
cialize upon a relatively small number of product. There is a place, 
therefore, for an organization which falls between ttie manufacturer 
and the local retailer, in an economic scheme of distribution. The con- 
dition most conducive to the successful operation of the jobber is that 
where wide territories are involved, because, since he collects and offers 
for sale a wide variety of related products, he can afford to reach more 
distant points where the demand for any one product may be very 
small, but collectively a material amount. He thrive under con- 
ditions which provide a large number of potential users of well-stand- 
ardized producte, who require prompt delivery service. For products 
of a technical nature, any high degree of sal^ engineering skill cannot 
be expected, owing to the large variety of products sold by one indi- 
viduai jobber salesman. His operations are suited, rather, to producte 
which commonly fall into the class of merchandise. 

We may summarize the functions of the Jobber which inters us 
mc«t as these: 

1. A^mbling and offering for sale lines of apparatus, equipment, and 
suppli^, which are related to one another in meeting a market. 

2. Maintaining active contact with retmlers and large ultimate pur- 
cha^rs. 

3. Extending credit, renderii^ invoice, and making (x^ections for 
goods sold. 

4. Carrying large stocks which make quick delivery pcmble. 

WhoI^Iers and jobbers purch^ direct from manufacturers, many 
acting m exclusive distributors; they do busing on a relatively small 
margin of profit and rapid turnover. They often issue their own cata- 
logues, which cover a vast number of items, information upon which 
is furnished by the various manufacturers. 

Other Manufacturers. A manufacturer naturally endeavom to pul 
out a product which will, as fully as possible, meet all the requirements 
of the purchaser without the necessity of anything being added to it. 
Automobile builders have long since learned to supply the car with all 
acceasori^ which most users custonaarily need. Furthermore, a lar^ 
share of manufacturers, giving careful consideration to the l^nefite of 
specialization in effort, refrain from attempting to manufacture too 
wide a variety of component parts for the completed piece of equip- 
ment they build, but prefer, instead, to purch^w smiKf parte frcun oliier 
manufacturers. Such conditions as these have brou^t about a large 
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market, between builders of technical products, for completed parts of 
great variety to be used as component parte of other producfa. 

The gas-engine builder may require a magneto or a battery to make 
his engine complete, and, rather than specialize in the manufacture of 
magnetos and batteri^, he purchases them from another concern. He 
may also find that there is a demand for gas-electric units, and, having 
no inclination to build electric generators and control equipment, he 
therefore is glad to purchase them. The builder of pumps finds a mar- 
ket for the pump mounted as a complete unit with the source of power, 
either an electric motor or an engine, and arranges for an external sup- 
ply of th^ power units. 

Distribution in cases such as these is a comparatively simple mat- 
ter. ikgineering skill may be required properly to select and adapt 
one class of equipment to the other in order to supply a well-balanced 
whole. Purch^es are usually made in quantities of duplicate unite. 
The demand may be a continuous one, for in reality the supplier might 
be considered as an aisle or section in the purchaser's plant, for he fur- 
nishes a component part of that which is ultimately produced just as 
any part which the manufacturer himself builds. In view of these con- 
ditions, it is customary for the supplier to sell to the other manufac- 
turer direct where the latter is a continuous purchaser, and not through 
resale channels. 

The purchaser, in such instances, can also be regarded, from the 
viewpoint of the supplier, as a specialized distributor, for he reaches 
a market which the supplier himself cannot reach, owing to the interest 
of the purchaser in obtaining a complete article. For instance, the 
purchaser of g^line-driven air compressors, so commonly seen in use 
for mad construction and repair, desires a complete ready-to-nm unit, 
consteting of compr^or, engine, and pressure control, all mounted 
u|»n a cha^is on wheels. The compressor builder who assembles and 
Mils the complete unit may make neither the engine nor the air tank, 
Mid no work whatever in their fabrication. His function is to 
engineer Ihe entire unit, and to distribute it. 

Ckffitrtctnis. Contractors purchase technical products to use them- 
selves, for instance, in creating an engineering structure, or to form 
a part of the structure itself to be used after it is completed. 

The contractor erecting a residence may require a power shovel, 
rock drill, or floor-surfacing machine, which he purchases and uses In 
his business and in the construction of the building. On the other 
band, he may purdaase mi deetric refrigerator or air-conditioning unit 
which will become a part of the home to be UMd by the oceupante. The 
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contractor may, therefore, be both an ultimate purchaser and a chan- 
nel of distribution for the supplier of equipment. 

In the construction field, there are two classes of contractors who 
use technical products extensively: the general contractor, who may 
take over the entire contract for the construction work, whether it be 
a residence, public building, bridge, dam, or sewer; the subcontractor, 
who does a particular part of the work requiring specialized knowledge 
and experience, such as the heating and ventilating, plumbing, or elec- 
trical wiring. The general contractor usually buys little in the way of 
^uipment other than that which he purchases from time to time for 
construction purpose. The subcontractor, on the other hand, being 
r^ponsible for furnishing a specific part of the installation r^uiiing 
equipment as well as labor and which must be carefully en^neered, 
is a frequent purchaser of equipment actually becoming part of lie 
installation, and as such he is an important link as a retailer in the 
system of distribution. 

The emoting engineer or architect, by means of a set of spajifica- 
tions which he prepares, determine the type and quality of the appara- 
tus and equipment which the contractors furnish, although the make 
of such products is usually determined by the contractor hin^If. 
Often the functions of the engineer and the contractor are combined 
in one company, and several large compani^ exist which undertake 
the complete engineering and installation work upon construction 
projects such as power houses, public buildings, and mills. 

Contractors purchase both direct from the manufacturers of equip- 
ment and from wholesalers or jobbers — ^usually apparatus from <he 
former and supply items from the latter. Since they purcha^ only to 
fulfill the requirements of a particular installation, and in no sense 
c»nsktently reprint the supplier, they perform rather a i^rfunctory 
function in the system of distribution from the supplier's view|mint. 
For these who are to own the completed installation, th^ perform a 
purchasing function. 

SEIrECTIlfO DISTKIBirTIlfG CHAHirELS 

The distributing policy to be adopted by any manufacturer con- 
stitute a decision of the greatet importance, and may be a determin- 
ing cause for succ^ or failure. 'Ihe principal factors leading to a de- 
iMkmreMe to: 

fa) Hie type of prodocl iMmufacfair^, Kid extent of the product 

filM- 

(b) r^mrws ami faalfies perlainii^ to manufacturer, wliidi 
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may or may not permit imdertaking distribution direct to the ultimate 
customer, 

(c) The type of market for the product, and the market requirements. 

(d) The existence of available reselling outlets which might be utilised 
for distribution. 

These factors must be considered together, not only with a view to 
existing conditions, but also with regard to future probabilities. 

The three illustrations that follow — ^that of a manufacturer of large 
machinery, a large manufacturer of electrical apparatus, and a manu- 
facturer of a line of electrical wiring supplies — ^will serve to illustrate 
the logical manner in which distribution channels are selected. By 
carefully weiring factors that relate to the four principles outlined 
above, it is usually not an exceedingly difficult problem to select an 
economical and reasonable distributing channel. 


Studio in Industrial Marketing,” appearing in various issues of Indmtnal 
Marketing, give a good insight into typical industrial distribution organiisa- 
tioiB. At the present -writing, 19 cases have appeared, in the following issu^: 
April, May, June, July, August, September, October, November, and Decem- 
1936; March, April, May, June, August, and December, 1937; March, 
April, and July, 1^,* February, 19^. 

J. M. McKiibix, Jk., *'‘A Plan for Seeming Sound Distribution,” Industrial Mar- 
keting, January, 1936, p. 9. 

Gael. Skyxelil, “Buying Through the Distributor,” Mill and Factory, May, 1938, 

p. 61 - 2 . 

Wm. S. Auuww, Jb., ‘The Economic Pha^ of Marketing Through Distributors,” 
Imdmeirml Mearketing, May, 1938, p. 38. 

A Mantifacttirer of Large Machinery. Consider, for instance, a 
manufacturer of steam locomotives. Such apparatus, in iteelf, is large 
and ccBtly, and built to fill specific orders of purchasers. Considerable 
technical knowledge is r^uired to determine the kind of locomotive 
suited to the particular operating conditions. Sales usually are made 
singly or in small quantiti^, and decisions to purchase are reached only 
after due consideration by higher executives in the purchasing organ- 
iiarioa. The number of customers is relatively few, for customers con- 
sist of railroad and lai^ industrial establishments that have haulage 
problenofi within their own plants. Hence, the market is limited, and 
pureha^rs iwmlly ^sily identified. The number of sales engineers 
required is few, and they must be mature men of technical experience 
and busing standing who can interview railroad and industrial execu- 
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tives, although a certain volume of business coming from repair parts 
and other details may be handled largely as a matter of routine. 

Under such conditions as these, there is little need for employing 
resale outlets, and the manufacturer can reach the market in the most 
economical way by distributing the product direct to the ultimate pur- 
chaser. 

If, on the other hand, this steam-locomotive manufacturer extended 
his line of product to include other producte purchased by railroads, 
power plants, industrial companies, and mines, and undertook to build 
and distribute such products as Die^l engines, pumps, and compr^- 
sors, the market would have widened considerably. If such products 
were inclusive as to types and si^^, the number of jK^ssible customers 
would include all industries and a group of purchasers which would 
reach several thousands in number, including such purchasers as ga- 
rages, dairies, machine shops, and public and private institutions. 

The manufacturer would, at once, be confronted vdth the problem 
of establishing resale outlets, for distributing direct to all of 

purchasers in all localities would become a herculean task and require 
organized talents, administrative ability, and capital outlay beyond 
ordinary reach. 

Even though the manufacturer might provide an extensive line of 
equipment for a wide variety of purchasers, still certain lines of prod- 
uct could be distributed only by ihe direct method, whereas for oihem, 
distributors would be employed. 

A Large Manufacturer of Electrical Apparatus, Some manufac- 
turers making many products nec^arily use a varied scheme of dis- 
tribution. The following synopsis will show the avenues through which 
this manufacturer sells his products, in addition to filing to the ulti- 
mate user direct. 

Figure 1 is a diagram of the various whjB in which this manufac- 
turer may reach the ultimate user. For each product manufactured, 
lie following determining factore must be considered in deciding 'which 
methods of distribution ^own by Fig. 1 will be applieable: 

1. &e and emt of product. 

2. Kind of product — engii^iing and application problems involve 

in selling it, 

3. Kind of market — concentratian, number and size of buyers, buying 

liaMlB. 

4. for infaodiMrtioB m rac&»liy new proiiicfe. 

5. acrvire of a trehnii^ nature r^pii^. 
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After a careful study of each product manufactured, the following 
methods of distribution, as shown in the middle column of the tabula- 
tion, were selected as best for each particular product line. The prin- 



Ficuib 1. Channels of distribution through which 
the manufacturer may distribute his products. 


cipal factor determining these iselections are indicated by the numbers 
in the right-hand column, these numbers referring to the five determin- 
ing factors just listed: 

Selected Principal 

Product Methods of Determining Factors 

Distribution in Selection 


Turbo-goieratmg units'! 

Large traMfonners > a-h-i 

&ifostation eqmpmmt J 

Efectric and Die^l locomotives a-h-i 

Motors and control a-b-c-e-f-h-i 

Air-conditioning equipment a-c-i 

Electric furnaces — mdusUial a-i 

Gearing equipment a-b-c 

Heetrical merchandise d-e-g 

Luting equipment a-e-f-h-i 


1-2-3-5 

1 — 2 — 3 — 4— 5 
1-2-3-5 

1- 3 

2- 3-i 
1-2 
1-2-3 
1-3 


A Mantifacturer of Supplies. Considering now the distribution 
problem of a manufacturer of a complete line of electrical wiring de- 
we find this line of product to consist of a very large number of 
stendardized items for w'hich the demand is consistent. 

Purchase are made by electrical wiring contractors who make the 
solution and application of the various items according to the need of 
the installation. No high degree of engineering, therefore, is required 
in the distribution. 

The market for this company’s products is widespread, for they are 
ii»d in applications by all consumers of electricity. Electrical contrac- 
tors are found in almost every town and hamlet, numbering many 
thousands in this country. Most items are required in small quanti- 
ties, and must be readily available for prompt delivery, for the con- 
tractors need them as they proceed with the installation work they 
are doing. 
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Wiring derices, however, are not the only items in a complete line 
of electrical supplies; many others, such as light bulbs, cable, conduit, 
and lighting fixtures, are included. In this country in the larger citi^ 
there are electrical wholesalers who handle all these items. Such com- 
panies as these can, therefore, economically distribute the wiring de- 
vices made by this manufacturer, and reach the market from the elec- 
trical contractor. Through wholesalers, then, with a complete line of 
products, supplemented by those supplied by other manufacturers, the 
manufacturer of wiring devices can economically reach the contractor, 
and finally the ultimate user. 

WAREHOUSING AND MAINTENANCE SERVICE 

Warehousing. As we follow production and distribution from the 
original source of raw materials to the finished product as furnished 
the ultimate user, we find reservoirs for the storage of goods throu^- 
out the entire route. Some are large and require extensive faciliti^; 
others are small and often insignificant. Some are used for the 
accumulation of raw materials, parts or semi-finished products ; othera 
are devoted to the storage of completed and packed goods ready for 
use. If production could be arranged so that all the elemente r^uired 
would reach the spot where they are used at the exact time they are 
required, and if consumption took place immediately upon the comple- 
tion of production, there would be little need for these accumulations, 
except for those products whose price varies and the purcha^r gamble 
upon such variation, buying more than is required when prices are low 
and hoping for a rise. But such conditions do not hold true for a 
variety of re^ons. 

Many of the st^l manufacturer in this country obtein their ore 
from iiie North near Lake Superior. Navigation between Duluth, and 
such citi^ as Chie^o, Detroit, and Cleveland is impossible during the 
winter months, although the blast furnaces may operate during the en- 
tire year. A great volume of iron ore must therefore be stored near 
the fnmawSj reaching ite maximum usually at the close of the summer 
navigation period, in order to provide for continued operation during 
the late fall, winter, and early spring. Iron ore can be satisfactorily 
stored out-of-doors in large piles acc^ible to the furnaces, to which 
it is carried by large hoists and conveyors. 

A naanufacturer of household water system equipments requires a 
large number of machine screws in the assembly of pumping apparatus. 
Th^e are purchased from an outside supplier, and when bought in 
large quantities can be obtained very cheaply. It is found that the 
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greatest ecoBomy can be achieved by buying all at once a supply 
which in ordinary times of business activity will last six months. These 
must be stored in a clean dry place, and in containers convenient for 
handling and use. An accurate running record must be maintained of 
the quantity in stock at any given time. 

This same company requires a large number of valves, which can 
be most economically manufactured in quantities at a higher rate of 
production than they are consumed. Provision is therefore made with 
special machinery to make these valves at periodic intervals in large 
quantities and store them in the stockroom, from which they are with- 
cirawn to meet the demands of the assembly divisions of the factory. 
Stocks are therefore accumulated, not only so that the items are avail- 
able as needed, but also as a result of economical production. 

Electrical jobbers sell a complete line of apparatus and supplies re- 
quired by the electrical contractor, including such items as wire and 
cable, connectors, insulators, conduit, switches, meters and many 
othera. When a contractor obtains a contract to wire a building, he 
orders the necessary apparatus and supplies and requires them 
promptly, often finding it necessary to obtain many items upon just a 
few hours* notice. The jobber mtist be prepared to deliver these items 
promptly; he cannot wait to obtain them from the manufacturer; and 
so he carries a stock in his warehouse. To do this, his capital is in- 
vited in stock, he must maintain insurance coverage, pay inventory 
tax^, and imdeigo the risk of the product’s becoming obsolete or out- 
moded while still on his hands. Furthermore, he must provide storage 
space, and the stock must be so arranged as to be readily accessible, so 
that any item can identified and taken from stock easily and 
quickly. A careful record must be kept both of the quantity on hand 
and the movement from stock, for, on the basis of approximate known 
delivery time from the manufacturer, orders must be placed in advance 
so as to provide sufScient stock to meet his purchasers* demands, and 
yet not too large a quantity, which would add to his storage and in- 
ventory ccBts. The volume of stock may vary on account of antici- 
pated price increase or r^uctions, price advantages applying to the 
placing of large orders, and anticipated business activity. In the event 
that the mmaufaeturer consigns the stock ^ to the jobber, the jobber 
escapes the tied-up investment in the stock, but must usually stand all 
or most stocking charges. With all tiaese varying factors, keen busine^ 


® A conagned stock c<ms3slB of a quantity of product items placed by die sup- 
plier in tJbe hands of a i^les outlet or user. The supplier retains title to the 
stock md has a ri^t at all times to inspect it. 
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judgment is required to balance the total cost of the stock against abil- 
ity to serve customers. 

The retailer of tractors, who serves a local community, sells direct 
to the fanner and construction contractor. He carries one of each pop- 
ular model of tractor in stock for display and demonstration. When 
one is sold, he ordeis another from the manufacturer to take its place. 
In order to meet all service requirements of his purchasers, since trac- 
tors are made from a multiplicity of parts and these sometimes fail, 
this retailer must carry repairer renewal parts which must be furnished 
the user upon a moment 'S notice, or be available to his own repair men 
should he maintain facilities for repair service at his place of busing. 

We might ask, just what constitute an economic stock? Certainly, 
it should have thee attributes: 

The product must be available at a point where it is to be used. 

It must be of the volume and variety to met the anticipated demaiKis, 
with some provisions for emergencie. 

It should be available complete and ready-pack^, usually, for imme- 
diate shipment or use. 

The product should he of current demand, liquid as to invetinmt. 

It must be located so that the minimum effort, time, and expense are 
required to put it to use. 

It must be maintained with the mmimum loss in quality and quantity. 

Ihe product should be supplem^ted by a simple, a<^rate, and emn- 
plete record dhowing the kind, quantity, and characteristics of the product 
stocks. 

It must reprint a Tninimum inv^tmmt. 

The intelligent handling of warehou^ stocks is a difficult problem, 
requiring not only an xmdersl^ding of the simpler technique which 
h^ been referred to here, but also the exercising of well-informed judg- 
ment relating to busing cxmdiiions- Market conditions must be thor- 
oughly understood, for, in connection with distribution, stocks must be 
maintained to meet the market, and, as we have seen, market activity 
in local districts depends upon a large variety of economic factors. 
Where we have a manufacturer building duplicate products and carry- 
ing these for sale over wide areas, we find these conditions existing: 

If stocks are 'toO' hmm 'OCCur. 

If stocks are im small, bu^e^ is Icsst. 

If stocks are not properly distributed over the relling ar^, additional 
transportation expenses and extensive delays occur to relocate local 

>qpa&ti#es« 

If stoclm are not of the cHjrrect variety to meet the demand, loa^ 
oojur in the stodc itsdf, and of ordeis. 
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To avoid such situations as these, expert judgment must be exer- 
cised as to the nature, location, and activity of the market; and these 
factors must be estimated in advance in order to obtain economic 
performance. 

Equipment Maintenance. Furnishing maintenance service npon a 
product sold is as much a part of the distribution process as any other 
function. The object of the seller is that the product, which he fur- 
nishes, will continue to operate satisfactorily in the hands of the user. 
Much as he might desire it to wear out or become inoperative, so that 
the purchaser would find it necessary to buy again, obviously this 
would immediately affect the demand for the product and eventually 
stop its sale. Most technical products, no matter how well made, in 
time require repair or adjustment, and if such service can be rendered 
promptly, no matter where the product is in use, it enhances the value 
of the product and does credit to the supplier, making his product of 
greater acceptance and, consequently, easier and cheaper to distribute. 
Technical repair service is rendered in three ways: 

By the local dealer or agent who sells the product. In such cas^, 
the nature of the ^rvice required cannot go beyond the technical talents 
of the distributor. The distributor of automobile batteries, watches, or 
radios may furnish the user with replacement equipment for temporary 
u^, while the purchas^i equipment is being repaired locally or at the 
factory where it was made. 

By the supplier, for often equipment has been sold direct to the user. 
Such is imaliy true where the apparatus is of a highly technical nature, 
aM where major repairs are required. 

By the him^if, which is usually true where extensive installations 
are invdved, repairs are of a minor nature, and immediate operative 
mmm .Dei^^ry. 

Illustrating th^e three ways, we find, for instance, most retailers 
of hou»hold equipment in a position to render service locally at the 
point of sale. Paper-making machinery, requiring major repairs and 
■iie furnishing of renewal parts, can be efiSiciently serviced by the origi- 
nal sipplier who sends experts, on short notice, direct to the mill. Lo- 
comotives, on the other hand, which need frequent repair on account 
of the severe service encountered, are usually repaired by the railroads 
in their own repair shops. Repair parts may be supplied by the loco- 
motive builder, or the simpler on^ may be made in the railroad shop. 

If the local distributor do^ the repair work, it is often the prac- 
tice for the manufacturer to tedn fhe distributor's repair men at Ihe 
factory. 
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Large machinery of a highly technical sort, such as cigarette-mak- 
ing machines, elevators, petroleum refinery equipment, and steam tur- 
bines, require skillful engineers supplemented by trained mechanim. 
Since repair service of a major nature is seldom required, and in the 
interests of economy must he done quickly, manufacturers devote a 
specially trained part of their organization to attend to this work ex- 
clusively. They also provide, for immediate use, factory renewal parts 
which are interchangeable with parts that have failed in service. 

For a small and inexpensive technical product which is built in 
quantities following systems of mass production, it is usually found 
less expensive to replace the item rather than imdertake any major 
repairs upon it. Thus, the plan has become current, in selling, of mak- 
ing liberal price allowances upon old device. 


THE COST OP DISTRIBUTION 

Why is it that the ultimate purchaser commonly must pay, for 
technical products, a price two to five tim^ the actual cost of the prod- 
uct when leaving the production floor? If we consider many popu- 
larized commodities and novelties, the difference between the cost of 
production and the selling price will be found to be in even a much 
larger ratio. 

As we have seen, the processes of manufacture can be witnessed 
and the individual can usually visualize the cosIb of material and labor, 
and, to a lesser extent, the cost of capital, management, and supervi- 
sion. On the other hand, the total cost of distribution is very difficult 
to visualize, since various items of cost due to distribution occur at a 
number of plac^ and are often otecure. Much of it comes ttirou^ 
making the prcxiuct available to the purchaser in the diape and at the 
place and time required. Mcst people are amazai at the higii selling 
price of many producte compared with the actual cmi of production; 
and often the assumption is made that large profits are available to the 
manufacturer. Such assumptions are usually the result of a lack of 
appreciation of the cost of distribution and the price which must be 
paid for availability. 

Let us summarize the kinds of cost that go to make up the total 
distribution cost of a common product line which reaches the ultimate 
u^r through the most cireuitous route of distribution, i.e., manufac- 
turer to wholesaler, wholesaler to retailer, retailer to ultimate pur- 
ch^r. JJ'otice that th^ items of expense follow closely the functions 
perfofii»i m dkWbutiai- 
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We have the following expenses: 

Relating to the product Uself: 

PacMng the product for storage and shipment. 

Warehousing the product in the hands of the manufacturer, whole- 
saler, and retailer. 

Transporting the product from manufacturer to wholesaler, from 
wholesaler to retailer, and from retailer to ultimate user. 

Installation of prcxiuct, where nec^arj^ 

Inv^tigating complaints about product. 

Eendering maintenance service * to support the supplier's guarantee. 

BeMmg to selling the product: 

Market x^earch. 

Preparing pric^ and selling data. 

Preparing quotations, bids,® and agreements. 

Contacting customers and obtaining orders. 

Preparing orders for manufacture or warehouse shipment. 
to sales promotion and customer acceptance: 

Advertasing, in all its forms. 

Preparation and distribution of descriptive and promotional literature, 
displays, etc. 

RSGJbmg to the coMection of funds: 

Credit investigation of prospective purchasers and customers. 

Eendering invoice upon products sold and services rendered. 

Collecting payments. 

The extent of the^ items of cost depend upon the class of product, 
methods of distribution, and the market served. 

Standardized products, which are no longer subject to periodic de- 
sign change and which po^ess an established customer acceptance, 
ccet to distribute than those which are continually being altered 
and improved. If models change, stocks of parts and finished articles 
carry extensive risks, for depreciation is rapid. Complicated and deli- 
cate apparatus often must be packed in an elaborate way, and where 
such apparatus is shipped to the customer and assembled in his plant, 
expensive adjustn«ntfi may be necessary before it can be expected to 
o|mmte; sucemfully. 


* The pureha^r of an oil burner or coal stoker may seriously object to the 
of the bill that is rendered for the visit of a service man, but the purchaser 
faik to appreciaie the expend that are necessary to maintain those facilities 
aeee^aiy' to render such service promptly at all times. 

® In most claves of bi^ne® considered here, only a small percentage oi 
quotations and bids results in orders to the bidder, either owing to the bnsiiie^ 
being placed with a comperitor or the purchase being abajidoiied. 
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Investigating customer complaints and rendering maintenance sen- 
dees may be a costly item of expense, especially in connection with 
products which are new and with which the purchaser is not familiar. 
Purchasers may be overexacting in their requiremente, and expenses 
of this kind often relate to the education of the customer in the proper 
me and care of the product. 

The largest single item in distribution cost upon apparatus is sell- 
ing expense, including contacting the customer, analyzing his problems, 
and obtaining the order. Few purchasers realize the cost, to the sup- 
plier, of calling upon a customer, and the fact that, in addition to the 
time and expenses of the individual, there are certain overhead ex- 
penses such as maintaining sales offices. 

Those primary expenses that make up distribution aie salaries, 
payments to common carriers for transportation, rents and interest on 
invested capital, and materials. The casual observer se^ little or noth- 
ing tangible added to the product from the time it leav^ the factory 
d€M3r to the time it is placed in use; and yet, how great is the increa^ 
in the price of the product! 

The fact that distribution costs are usually compared to production 
costs on a percentage basis should not escape our attention. If a prod- 
uct is built in large quantities, the production cost may become very 
low, and assuming that there is not a commensurate decrease in distrib- 
uting cost, the latter expressed in terms of the former may appear ex- 
tremely high. 
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THE FUHCTIORS OF ORGANIZED SELLING 

SELLING TECHNICAL PRODUCTS 

Many technical products, engineered and manufactured with the 
greatest skill, have become standardized products of regular customer 
demand. Agricultural equipment and mechanical and electrical ap- 
paratus used in iiie home, oiEce, store, and service shop fall in this 
group. They are produced and distributed in quantities, and their use 
and value are broadly recognized. Such articles are sold much in the 
same way as package goods or merchandise, and are made available 
through a variety of retail channels existing even in the small business 
eentem. The methods of selling such products have followed closely 
ihme of selling consumer goods or commodities. Although the engineer 
is distinctly concerned with the design and production of such products, 
and with certain features of market acceptance, he is not directly in- 
terred in problems of selling, for these fall within the scope of mer- 
chandising. Such products furnish valuable utilities, but in getting 
them to the user economically, little of the engineer’s skill is necessary. 

Conirasted to this sort of technical merchandise, we have other 
technical products used, principally, by all branches of industry, which, 
in iiiemselv^, are of little or no value, but which, when made a part of 
a proc^ — ^whether it be the proc^ of mining, manufacture, trans- 
portation, or furnishing a public utility — become of great value. Such 
piioducts cannot be merchandised, because their use depends upon a 
relslioiiship to other articles and a complete operating process. The 
i^ill of the engin^r is required not only in the design and manufacture 
of these products, but also in their sale. This is so, since their succe^- 
ful use is dependent upon proper application in relation to the function- 
ing of a group of products employed in a process. Machinery and 
equipment iBed in industry generally serve as the best example of 
this cla^ of tejhmeal products, where engineering skill and selling 
ability are combined, so that the ultimate purchaser gets the greats 
possible value from the products thus furnished. 

In this chapter, then, we will not study the principles and organiza- 
tioas required in merchandising, but rather ihc^e required in engineer- 
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ing or technioal selling. Most of us are familiar with merdiandising 
methods, for we have daily contact with this type of selling, but selling 
technical products is of greatest concern to us, as engineers, in the in- 
dustrial field. Engineering salesmanship has, in recent years, become 
most important, and requires as much skill, usually, as that required 
for design, although directed in an entirely different way. 

SALES PRINCIPLES 

Consumption goods, when bought fay the individual customer, are 
purchased to satisfy wants that come about through the five human 
^ns^. 

Technical products for industry are largely purchased for the re- 
sult that can be obtained from them toward creation of goods or ser- 
vices which will lead to utility. Some regard is given to those qualiti^ 
which satisfy the senses, but only in so far as they contribute to the 
earning power of the goods purchased. In fact, one might say that the 
entire interest of the purchaser li^ in the ability of the goods that 
are bought to produce services, and the goods themselves are worthl^ 
beyond this point. 

In selling, therefore, there is a fundamental difference between the 
principles involved in selling consumer goods to the individual, and 
capital goods to the industrial producer. Selling the industrial re- 
quire engineering and sales talents which are well qualified to make 
an economic analysis of production, operation, and equipment prob- 
lems peculiar to the individual processes involved. Th^e selling talento 
must be able to support the results of such an analysis by a recom- 
mended selection of equipment, the purchase of which can be justified 
to the management of the company to which they are to be supplied 
as a sound inv^tment. Thus, in filing we find necessary a combina- 
tion of technical skill and an ability to reach sound economic conclu- 
morm interpreted into the language of toe busing executive. 

Much selling of consumer goods proceeds without serious considera- 
tion being given by the supplier to the ability of the purchaser to use 
toe goods purcha^, either as to kind or quantity. Although miBt 
merchants permit toe purchaser certain pri\dleg^ regarding toe ex- 
change or return of goods, the purchaser very largely determine what 
he will buy, and is encouraged by the seller to buy to ^tois hearths con- 
tent,” or perhaps to the limit of his financial ability. 

TTiis is not true to anywhere near toe same degree of the seller and 
toe purchaser of technical equipment that is sold to industry. This is 
becau^ toe seller, if he is to be continuously successful, must take a 
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Tery definite interest in the profit-making use to which the purchased 
products are put. If their use leads to failure in processes or opera- 
tionSj the supplier^ being a party to the engineering application of the 
product^ also suffers. Selling technical products to industry, therefore, 
involves a correct product, and also a correct application,^ and gen- 
erally the responsibility for this goes hand in hand with the sale of 
tihe product. 

WHAT IS SELLING? 

As we have seen, selling is one of the major functions of distribu- 
tion. It is a function of outstanding importance because the supplier, 
without sales volume based upon purchasers^ commitments for products 
or services, is unable to keep the economic unit intact as a producer. 
Product filing is supported by suitable products furnished in the re- 
quired volume at the correct time ; production is supported by suitable 
orders in the required volume to be taken according to delivery sched- 
ules that can be met. The selling function brings to the attention of 
individuals, institutions, and all economic units, the utility of products 
through their purchase and use. Selling should be looked upon as a 
creative force,® because it stimulates satisfying economic wante, and, 
in doing so, benefits both the purchaser and the supplier. 

Fundamentally, selling is nothing more or less than making it pos- 
sible for the purchaser to make a selection, obtain, and use goods or 
Miviees furnished by a supplier, to the end that both benefit by the 
transaction. 

Back in our minds, we may a^ciate with selling the well-dr^ed, 
TCTBatile individuai, who makes friends easily with everyone, and 


1 Reference has already been made to the economic function of the consulting 
engineer. Manufacturers, in their anxiety to sell their products, have taken on a 
great deal of work of a consulting nature for their prospective and existing cus- 
tomers. Such functions are now include as a part of sales engmeermg. 

2 An example of sales enginemng occurred not long ago. An engineer was 
trying to sell a popular alloy to a large manufacturer of equipment and madiin- 
ery. He might easily have cxmtinued Ms visits to the purchasing department 
of this eomimiy and obtained ®ich buriness as this company could place. How- 
ever^ he proceed^ in this way. After a preliminary survey of the products wMch 
this purchasing comj^y made, he was «nvinced that, in many of their products 
and pro^^^, the alloy he was sellmg could be used to profitable advantage. 
With some sj^cific instances at hand, he a^ed for an appointment with the vice- 
president in charge of raigineering deagn, and asked his permission to make a 
complete survey of the company's products with inter^ted deagning engineers. 
The requ^ was granted, and the sales engineer set about helping the d^ign 
engineers help themselves, and the company they worked for, by lowing them 
where, in certain instances, the characterfeties of the product he could fumidi 
would improve the product for which they wctc responsible. As a result, a 
®itBtantiaJ volume of regular busing was created. 
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tbrougli clever and persistent Terbal maneuvering perauades the un- 
suspecting prospect to buy the product or service that is offered for 
sale. Such a conception as this relates not only to products and ser- 
vice, but also to ideas, for we come in contact every day with indi- 
viduals whose plan and procedure are based upon influencing the minds 
of others through emotional appeal and persuasion. In selling to in- 
dustry the technical products it requires, there is little place for such 
a conception, for selling is an economic function, just as e^ntial as 
production or transportation. 

filing is based upon four fundamental cla^s of knowledge. They 
mre: 

A thorough understanding of the construction and oi^ration of the 
prcKiuet to be supplied. 

A knowledge of the operations, problems, and proce®^ of the cm- 
tomer. 

A familiarity with economic laws as appljing to accomphshment in the 
broad field of industry. 

An understanding of human i^chol(^ as relating to the individual, 
his interests, actions, and reactions. 

In the utilization of these kinds of knowledge, we find that selling 
is not an exact science. Although, in mcBt instance, we can foretell 
with precision the results which will come from following established 
laws in dealing with materials, we have to deal, in selling, with human 
factors that cannot be completely evaluated ; the reaction of the indi- 
vidual to a given set of conditions cannot be precisely determined. 

No attempt will be made here to discuss the art of salesmanship, but 
we will outline the four major pribacipl® upon which succ^ful selling 
to industry r^ts: 

The purchaser must iwc^nize the supplier as one of good reputation, 
with ability to supply the product offered in accordance with the require- 
ments of customeis and commitments, together with the various forms of 
Mrvlce that accompany the producL 

There must be a personal ccmtact, based upon r®pect, faith, and good 
feeling, between the i)eTsoimd in the purclia®r^s organization and the 
sales repre^ntative and his a®ociates. 

Through an analysis of the problems, by the seller as well ^ the 
buyer, both must be convince of the adequacy of the prcxiuct to serve 
tfaye purpose of the u^r. 

Ihe r^on for the purcha^ must be ^onomically sound, and be 
r^ognia^ both by the seller and the purchaser. It must fuHy justify 
the expenditure, unle® it is of the nature of an experiment, where the 
full risk is acknowledged beforehand. 
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The first of these principles requires that the seller develop a favor- 
able reputation through good performance, and through the spoken and 
written word. The second is based upon sales personnel of high 
character, pleasing personality, sound judgment, and experience. 

The third principle is based upon selling talents that include not 
only business ability but also skill in the solution of engineering prob- 
lems relating to the use of the products in a given industry. The 
fourth requires an appreciation of the value of economic procedure. 

In selling, it must be remembered that the purchaser naturally con- 
siders the salesman as representative of the supplier, and his impres- 
sions of the supplier are formed largely in this way. Since purchasers 
provide the clientele of the supplier, upon which the supplier depends 
for an existence, the relationships that exist between sales representa- 
tives and purchasers are of prime importance to any economic unit 
furnishing a product or a service. 

WHY IS SELLING NECESSARY? 

Selling has often been looked upon as an extra and unnecessary 
function which increases the cost of a product to the user. Perhaps 
this is because the product itself is imchanged during the process, and 
many people know what a product costs to produce and feel that no 
value is obtained through the added sales expense. 

Supper, though, that the individual had to go to the manufacturers 
plant to obtain a new hot-water heater. To what plant would he go? 
What information would he have upon which to base a logical selec- 
tion? What are the various merits of heaters? Hence, without sell- 
ing effort in one phase or another, he would be entirely unable to satisfy 
his wanl3 witihout untold effort on his part. Selling has been instru- 
mental in informing the possible purchaser of the nature and utility of 
an individual product, and also in making it readily available. Even 
the sal^ meihods of the mail-order house, through catalogue selling, 
which is the simplest form of selling, require considerable selling ex- 
pense. The ultimate purchaser pays for being informed, becoming 
equipped to make a proper selection, and being able to obtain the prod- 
uct readily. But such service are well worth the cost to him and save 
him expense in buying. Selling, liien, is a service and should he con- 
sidered a part of the ccBt of the article, just as a manufacturing opersr 
tion is a part of that ccet. 
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THE SELLING FUNCTIONS 

To understand how the sellbg of a product proceeds in an orderly- 
way, we must imderstand what the various sales functions are, since 
selling itself includes a number of kinds of activity all closely related 
to one another. As we shall see later, these fimctions extend further 
than the contact -with customers and the obtaining of business, for they 
reach back into the supplier’s own organization and out into the mar- 
kets of the future. They may be expressed as responsibilities coming 
under sales management and may be outlined in the following manner: 

General Functions^ 

1. Sitabiishing sales polici^. 

Just as plans and policies are necessary for operating a railroad 
system, a factory, or a mine, so are plans and polici^ ne(^sary 
in operating a sales organization required to reach a market for 
a given product. 

2. Selecting and developing personnel. 

Sales engineers and olber assistants must be obtained, developed, 
and trained, for one of the greatest a^ts of any company is the 
group of men who develop and obtain busine^. 

3. Superviang sal^ activities. 

Just as an army reqmres direction, so a group of individuals 
constitutii^ a sales organization must be directed to obtain a ret 
objective. 

4. l^blishing piic^ and other conditions of sale. 

The function which includes pricing policire and the establishing 
of other conditions relating to terms of sale must be exercised with 
great care, and understood and followed by all members of the 
sales organization. 

Fwwtims relating to the product 

1. Pr<^uct improvement. 

One objective of the supplier is to furnish releable prc^ucts. Since 
the sal^ force is in contact with the market, they must be the 
principal source throc^ which the purchaser's reaction toward the 
product is obtained, and vpm which ite adequacy is determined. 

2. Product volume. 

Th(^ in charge of production must plan and ^abiish production 
schedule for the future. Uixai those in charge of selling is placed 
the major r^ponsibility of determining what the market require- 
ments will probably be, as to vdume of product nectary for the 
future. 

® Reference: 'Marketing Industrial Equipment" Bernard L^tor, MeCJiaw- 
Hill Book Ck>-, Inc.. 1935, Chapter VUI. 
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3. Product stocks. 

Many products supplied industry are fumisked from completed 
stocks held at central or district warehouses. The volume and 
character of the stocks to be carried are determined by market 
requirements, interpreted very largely by those in charge of seUing. 
Functions related to markets 

1. Market study. 

We have seen that a study of the market is necessary. This 
function is a respcmsibility which falls to those charged with sales, 
and can be performed by a group of specialists assigned to this 
work, or by talents engaged for the purpose. 

2. OistoiBer contact. 

Tliis is the major function of the individual sales engineer, and 
it may be supported by experts upK)n the product or experts upon 
the of purchaser under consideration. 

3. Market coverage. 

The supplier is faced with the problem, of determ ini ng the markets 
which will be reached and thc^ disregarded. Certain territori^ 
and certain cla^s of purchasers may be selected, or an attempt 
made to reach all who offer sales possibilities. 

4. Study of competition. 

All suppliers meet with competition of some Mnd. Usually such 
competition is u{X)n products similar in nature, but frequently 
upon products di^imiiar which may serve the same function. No 
supplier can continue to exist and prosper without obtaining reli- 
able facts raiding competitors’ operations and products, and 
i isiTig them wisely.^ 

5. Distribution outlets. 

Many suppliers reach their chc^n markets wholly or partially 
tiirough secondary channels of distribution. These must be care- 
fully ^wted and served. Their personnel usually requires train- 
ing, at least regarding the products they sell, and results mi^t 
be r^orded and reviewed. 

S. S^m promohon. 

I^les promotion and advertising in its various forms constitute 
Mie of the most important sales functions, for the large majority 
of suppliers. 

in r^atkm to scdes took 

1. Sal^ data and literature. 

Upon products to be sold, the sales en^eer requires information 

* Competition between dissimilar products is well portrayed by "^e electrical 
refrigerator a-ini-l the icebox. In 1934, 16 people used icse to each 4 usiiig electri^I 
refrig^tion; in 19^, only 12 used ice to 10 who were usmg electrical refrig- 
erators. This ;^ows the growth of dissimilar campetitioii. (See Soles Mcmage* 
mmtj June 1, 1938, p. 38.) 
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and data both for hds own use in seEing, and usually, also, to psm. 
to pnrcbasers for their information and use. 

2. Lfetimat^ and prop(^als. 

Estimates, plans, and proposals are frequently nwmary, and in- 
variably quotations must be made which cover pric«, terms of 
sale, and so on. 

Many classes of products or services are sold through the medium 
of a proposal This is a written document which outline what is 
to be furnished and the conditions imder which the supplier wiE 
function. When accepted by the purchaser and formally approved 
by both parties, it become a contract eaElng for performance, 
and constitutes an order. Such proposals are prepared by the 
individual sales engineer, or at the head office or district office of 
the suppEer, depending upon the supplier^ ^tabikhed rul^. 

THE SALES ENGINEER 

The thoughts and actions of the sales engineer clo^ly follow four 
lin^: 

The product he is selling, and its characteristiGS. 

The policies of the company he represents and the eoaditioQS of mle. 

The operations and proc^ses of the purchaser. 

The purchaser as an individual entity, including all j^rsons whcBe 
inter^ts relate to the selection and u^ of the product offered for sale. 

Let ns study each of these. We find that technical knowledge is 
r^uired to understand both the product sold and the of^rations and 
proc^es employing it. Problems of an econoinic nature at once ap- 
pear vital, because the product has been made as it has to meet an 
economic need. In the same way, operations and processes have been 
developed to meet an ^onomic purpose. The policies of the supplier 
and the conditions of sale under which he disposes of his products are 
two matters ^tahlished upon economic principles. Finally, when we 
consider the purchaser, or any group of individuals who determine 
whether or not the purchase shall be made, we find persons whose ob- 
jective are eonomic in nature. We also find, however, that since 
they are pemons and not objects, they reason logically, and sometime 
illogically, they posses likes and dislikes, and their opinions are af- 
fected to a greater or I^ser degree by their emotions. Thus, the sale 
engineer, consciously or unconsciously, employs engineering, economic, 
and pychologjcal principle, beause he deals with technical objects, 
biisinee objectives, and human beings. In most line of work the^ 
same principle engage our attention, but with the sale engineering ac- 
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tiTity they are all of great importance to achievement of creditable 
results. 

The knowledge of the product by the sales engineer need not be as 
detailed as that of the engineer who designs it, nor is it necessary for 
the sales engineer to know all the detailed operations required in its 
construction. His view of the product must be largely that of the 
purchaser and user, or all purchasers or users of the class with whom 
he comes in contact in selling. Since purchasers and users are most 
interested in the results that come from the use of a product, these 
must be uppermost in the sales engineer’s mind. Technical features 
which affect the product’s application to the service and its continua- 
tion in service are those with which the sales engineer must be familiar. 

In connection with the selling of a product, the sales engineer must 
understand the commercial policies of the company he represents to- 
ward its customers, and he must be prepared to interpret these clearly 
to th€»e business concerns with which he comes in contact. He must 
understand the exact conditions under which his company does busi- 
ne^, so that proposals to furnish products or services are clearly de- 
fined, as to the responsibilities of the supplier, distributor, purchaser, 
and ultimate user. Matters of price, guarantee, delivery, and condi- 
tions of payment must all be clearly understood. 

The sales engineer would be hopelessly lost in his work unless be 
understood the customers’ requirements in connection with the product 
he sells. For many classy of product this requires an understanding 
of the process^ of the particular industry and the objectives of pos- 
sible users of the product. Manufacturing today is so highly special- 
ized that each manufacturing process and each operation is highly re- 
fined. If the sales engineer selling products to such manufacturers does 
not understand the equipment in use and the processes and operations 
l«rfonned, with due regard to the economic factors that govern a cus- 
tomer's operations, he is severely handicapped at the start. The sales 
engmeer should be able to bring new ideas to the customer, and do so 
by means of the technical language and technical terms understood by 
the customer, for those he is to reach are busy men and have little time 
to orient the sal^ engineer calling upon them. One has only to visit 
a variety of industrial companies to find that each industry has a lan- 
guage all its own, as well as an individual technique. The confidence 
of the purchaser is immediately strengthened by finding that the sal^ 
engineer understands his proc^^ and operations and can talk his lan- 
guage and clearly undemtaad and appreciate his objectives. 
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In selling, no amount of knowledge upon the product to be sold 
and the customers^ processes and problems is effective in creating busi- 
ness for the supplier, unless this knowledge is presented in a clear and 
convincing way to the individuals in the customers’ organizations who 
are concerned with the purpose. We have emphasized that companies 
themselves do not select equipment and purchase it, but rather indi- 
viduals connected with companies or employed by them in a consulting 
or purchasing capacity. Sales contacts, therefore, must be with indi- 
viduals, and, being human, they have an endless variety of human 
qualities. The sales engineer must be able to determine what indi- 
viduals really select the produciB to be purchased. 

With the individuals responsible for selecting product identified, 
the sales engineer must have next an imderstanding of the peculiar in- 
terests of each individual concerned, for these interests will vary. The 
executive in charge of financial affairs will be interested in capital out- 
lay compared to rate of return, as well as the terms of payment to be 
met. The operating official will be interested particularly in the place 
such proFK)sed equipment will assume in a new or existing manufactur- 
ing layout, and its effect upon quality and quantity of production, la- 
bor relationships, space, and many other factors. The purchaser’s en- 
gineering talents will scrutinize carefully the technical characteristics 
of the equipment to be purchased, to make certain that it will exactly 
meet the needs and be able to continue to operate in a highly efficient 
way. Understanding the inter^ts of each of these individuals, the 
sales engineer is required to make his own mind synchronize with the 
minds of these individuals. Hence, a study and knowled^ of pemon- 
ality and human traits are most essential. 

Each of us must form conclusions from what we read and what we 
hear, but in doing so we are influenced by methods of pr^ntation, for 
our emotions and our reasoning combine to establish ideas which lead 
to decisions and action. It has been said ihat the successful salesman 
must have the power to analyze, visualize, and dramatize, and this to 
a degree is as e^ntial in the sale of engineering products as in the 
sale of merchandise. And, althou^ ihe sal^ engineer will ultimately 
fail if he relies largely upon the artifice of persuasive talk, if he is 
equipped with a clear understanding of his product and the purchas- 
er’s processes and problems, he can usually meet with success by clearly 
presenting his case in a pleasant and convincing manner that builds 
good will and confidence toward that which he is selling, toward the 
company he repr^ents, mid toward himself , 
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THE SALES ORGANIZATION 

In this country, particularly, we appear to be committed in industry 
to a policy of aggressive promotion in the sale of our wares, and such 
activities have become highly competitive. Selling has long since 
passed the period when it was performed by a group of pleasurable 
individuals, each blessed to a high degree with personality. Selling has 
become a very serious undertaking and requires a high degree of skill 
and a carefully developed organization. The most important single 
contact a supplier has with the buying public, whose good will and 
support are e^ntial, is his sales organization. Customers and pro- 
spective purchasers form their opinions of the supplier largely from 
those individuals who represent him. In addition to interpreting the 
supplier and his products to the purchasing public, the sales organiza- 
tion of the supplier must interpret to the supplier’s management the 
opinions and desires of the purchasing public. 

Although sales organizations may be composed of individuals whose 
operations are widely separated from one another, successful perform- 
ance requires that these individuals be closely tied together, followmg 
the same pwlicies in order to reach the same objectives. They must 
operate in a systematic way according to budgeted expenses. Such an 
oj^anization requires an executive head, and where the sales functions 
are important in a supplier’s organization, this head is often an ofiBcer 

in the company. . 

The sales organizations of various industrial companies vary widely, 
depending upon the kind of products and services offered for sale, and 
also the methods chosen by the supplier for their disposal. 

For instance, a copper-mining company may sell the ore to a smelt- 
ing company, little or no selling organization being required. A steam 
Tsdlroad offering its services for the haulage of passengers and freight 
require an organization to sell these services and serve its customers 
that is quite different from that of a manufacturer of instruments for 
the measurement of temperature, humidity, viscosity, and such. A mill 
gjjpply house which operates as a territorial distributor for a group of 
equipment and supply manufacturers is largely a sales organization in 
itself, and must of necessity be highly organized to perform all the 
sales functions. 

In order to understand the basic principles of organization, we will 
consider here the type of oi^anization required by a manufacturer of 
technical products which sells laigely to ihe ultimate purchasers, for 
in this instance all sales fimctions are included. 
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The organization under the leadership of the sales executive usu- 
allj consists of personnel arranged into two broad groups: 

1. Those that regularly devote their major effort to contacting cus- 
tomers in the sale of the supplier’s product, commonly caHed the field 
sal^ organization. 

2. Those that perform the many functions preiiously enumerated 
which are nece^ar}’ in order to support the sales engineer with prcxlucts 
and services that enable him to give customers complete satisfaction. 
Some of these functions are warehousing, pricing, technical assktance, 
market study, sal^ promotion, and advertising. 

If a comparison were made between a sales organization and an 
army, the first group would include those who are organized to engage 
tile enemy, and the second group as those who provide all the require- 
ments of warfare. The sales executive viewing the market, which is to 
be directly reached by a group of sales engineers, is at once confronted 
by both problems. 

The sales executive, responsible for the distribution of a product or 
group of products to a widely scattered market, has to organize indi- 
viduals in such a way as to include all the various sales functions in 
the most effective and economical way. Certain functions must 
performed largely from some central point which is the headquartera 
of the sales organization, because these functions are fundamental and 
relate to no local geographic area, or are knit in with other company 
functional operations such as those relating to design, manufacturing, 
and financial operations- The functions are these: 

Market studio relating to industry or national Coverage- 

Matters relating to the product— sufficiency as to charactemtios, 
volume, and availability. 

Selections and training of personnel, both for headquarters and Md 
activities. 

Establishing prie^ and other ccaiditioiB of i»Ie to be mad© mMmrn 
tiiroughout the sal^ oiganizatim. 

Preparii^ certdn mtiinates and proposals. 

promotion and advertising upcm products, 

The selling function must be performed locally wherever customers 
and prospective purchasers are located. District sales oflSces are set up 
for this purpose which local sales engineers use as their headquarters, 
operating under the direction of a local territorial manager. 

In the assignment of customers and prospective purchasers to in- 
dividual sales engineers, where the siqiplier offers a variety of products, 
the problem arises of either specializing the sal^ engineer upon one 
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or a few related products, or allowing him to sell all products to cus- 
tomers in one or a few related industries. . . i • 

Analyzing the most efficient and economical way of developing 

business, we find these principles: 

It is desirable for a sales engineer to seU only one line of product, 
thereby becoming expert in its construction and use. 

It is likewise desirable for one sales engineer to sell to only one 
industry classification, for, in doing so, he becomes expert m the processes 

and opemtioQS involTed. ^ 4.- i -ui 

It k also desirable for only one sales engineer to be entirely respo^ible 

for the relationships that exist between the supplier and the purchaser, 

for fixed responsibility is always valuable. . r, , + j t- 

Anain it is desirable for the sales engmeer to be located near his 
customer^ and prospective purchasers in the interests of economy of 
operation and prompt attention to needs of customers. 

If the student will study these four limiting factors, he will see 
that to comply with all of them is well-nigh economically impossible, 
and a compromise is at once necessary in almost all instances because 
the market is not sufficiently dense to justify such a high degree of 
specialization, and the products made by one company often extend 
over a wide variety.® 


PROMOTING THE SALE OF TECHNICAL PRODUCTS 

Sales promotion is that phase of distribution which deals with cre- 
ating an acceptance for the product or service furnished. As we have 
seen our civilization is characterized by invention and production, and, 
to support these extensive accomplishments, efforts have been directed 
to develop and maintain purchasing markets. The purchaser is usu- 
ally not in search of products to buy, but rather the producer is ex- 
tending ingenuity and skill to inform and influence him to buy. In an 


sThe foUowing illustrates a typical compromise of customer to 

sales engineers. A manufacturer builds four products rather closely related--sp^ 
reducers pulleys, gears, and line shafting with fitting&^ll of which fall m the 
Sup of ta^on ;iuipment. One district sales office is located m De^rt 
^•e^g the state of MicMgan and several counties m northwestern Ohio 
X eiineers operate in this territory with one district manager, devoto 
a large share of his time to assisting sales engmeers. ^ One sales engine^ 1^ a 
terrimry conning of the counties located in Ohio, two others divide ffie state 
of Mi^gan, a fourth has the Detroit area as his temtory, and a fiftt, also or- 
ating in the Detroit area, devotes his entire time to the automobile mdi^trj^ 
O^g to the large demand from the automobile industry, one can imder^ 
the advantage of a^gning one sales ei^ineer to this industry alon^ (S« 
keting Industrial Equipment,” Bernard Lester, McGraw-Hill Book Co., Inc., New 
York, im, p. 176.) 



PEOMOTING THE SALE OF TECHNICAL PRODUCTS 367 

effort to attract the purchaser to the product or service which is offered, 
and to familiarize him with its uses and advantages, all sorts of de- 
vices have been employed. The supplier combines these in what he 
terms a sales promotional program. 

In any such program, four fundamental kinds of knowledge are 
necessary: 

‘ An understanding of the charactenstic^ and merits of the product that 
is furnished. 

A knowledge of the present and possible uses for the product. 

An acquaintance with the motive and inters of the purchaser and 
those w'ho use the product. 

An appreciation and understanding of human characteristics and re- 
actions, and the course of reasoning followed in reacMng a deckion to 
purchase the particular product that is offered. 

Sales promotion is distinctly an economic function. Whereas mant^- 
facturing creates a product for which a need exists, through the use of 
materials, labor, and a variety of indirect expenses, so sales promotion, 
through publicity and advertising in a variety of forms, create cus- 
tomer acceptance, which decreases the cost of distribution by making 
selling easier. Its economic value, however, does not exist unless the 
product has merit and meets the uses and needs of the purchaser. The 
first and second classes of knowledge named above deal with material 
things and processes of procedure. They can be considered objectively, 
analyzed minutely, and their various characteristics evaluated, since 
physical laws govern them. When we consider the third and fourth 
factors, however, we enter the realm of psychology, for we deal wiUi 
the operations of the human mind as it functions in the world of 
busing. 

If we consider that the product possesses merit — ^for sales promo- 
tion is wasted in gaining acceptance for a product without merit — ^and 
tiiat there is a definite need for it, we can proceed to consider toose 
factors which determine the opinion that exists or can be create! re- 
garding the product, by thc^e who have use for ii 

The law of diminishing returns applies to sales promotional effort*, 
for it is quite po^ible for an enterprise to extend such efforts to the 
point where the cost fails to support the gain in resulting business 
volume. Consequently, sales management not only must be alert to 
the quality of sales promotional effort to see that expenditure yields 
the greatest possible return, but also must exercise control over the 
extent of this effort.. No exact method has been discovered for mea- 
suring the results of sales promotional effort and expenses, and the eco- 
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nomic return is largely based upon judgment developed from experi- 
ence. 

Perception. When we first see a gasoline engine, it appears as an 
object of shape and color. Upon further examination, it is found to 
respond in a certain way to touch, hearing, and smell, and our per- 
ception of this object becomes more complete as we add other sensa- 
tions to the original sensation of sight. We become able to identify 
such an engine even though it is quite remote, because we have at- 
tained a good perception of it. Finally, because of previous experi- 
ences, we can perceive it when only a symbol is used to signify it, which 
may be the spoken word, a picture, or a printed word. 

Perception, therefore, is an awareness of objects present, and, when 
the object is represented by some symbol, ideas are awakened in the 
mind regarding this absent object, based on previous sensations. Sales 
promotion is largely pursued through symbols — ^printed words and 
illustrations, so used as to emphasize the advantages of the thing 
symbolized, hence acting as a real aid to perception. 

Apperceptiott, We cannot look on the mind as we look upon a 
machine which functions under a given set of conditions precisely in 
one way, for the mind is not a bundle of faculties. Rather is it a imit 
which feels, remembers, reasons, decides, and wills, and during its 
coMcious existence it exercises itself along any of these different direc- 
fions with varying degrees of intensity. At no one time does any one 
fumction take complete occupancy, for in every function of the mind, 
n^mory, su^^tion, perception, as well as many other individual func- 
fions, play their part. 

Apperception is the process of the mind by which, through what has 
hem retained during the past, it interprets and evaluates a new ex- 
periaice. It extends beyond perception, for it includes an action of Ihe 
mind by which perceptions and ideas are clear and distinct and ato 
iweive attenfion in regard to their relationship to other objects and 
evente gathered from previous experiences. In viewing an object, in 
additioa to the action of the object on the mind, iJiere is through app^- 
ception a reaction of the mind on the object. Knowledge is increa^ 
therefore by an addition to the accumulated store of experience 
gathered by the individual person, each new experience being gained 
in relation to previous experiences. Individual minds are not able to 
create entiiely new ideas, but raiiier add new elements or combina- 
tions. The mind itself enlarges its stock in trade principally from old 
elements, and gradually builds up the ability to interpret all that the 
8eiie« 0 ic«)unter as lif e go^ on. 
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Promoting Sales tLrougli Symbols. Originally trade was based 
upon an ability of the purchaser to see the goods, and satisfy all his 
senses; today purchasing is done largely through symbols because it is 
impractical for the purchaser to make a complete inspection of the 
product. In the field of mechanized products, it is impossible for the 
buyer in many instances to witness the product in the performance of 
its functions, unless products are purchased which duplicate ihme 
used or in service. Products have increased in number and become 
more complicated in construction, so that visualization has become 
more difficult. The creation of a mental image, by means of symbols, 
has become an art, and the principles underlying them and their use 
are a science. The expert use of these symbols as a means of promot- 
ing ideas, to which reactions favorable to the supplier are sou^it, con- 
stitutes the field of advertising. The technique of advertising must be 
built up through a knowledge of the human mind not only in its ability 
to perceive and apperceive, but also in its susceptibility to su^estion 
m well as the factors that command the mind’s attention and deter- 
mine its will to act in a desired direction. 

The Objects of Advertising. It is customary to think that the pur- 
p(K5e of advertising is to assist in selling the product or service. Al- 
though this is fundamentally the object, the immediate objective may 
be of a quite different nature, as will be apparent from the following 
summary of the fxmetions of advertising relating to new or ^labliAed 
technical products. 

The functions of advertising may be: 

1. To announce to a market the availability of a new product or form 
of ^rvice. Advertising usually makes it pebble for tiie suppler, in mak- 
ing this announcem^it, to : 

Reach purchasers and prospective users in m^ at low cert. 

Reach a particular dsm of market without waste of expense on 
others. 

Reach those at a distaiK^ or in out-of-the-way places, where per- 
sonal solicitation would be and costly. 

2. To state the characteristks of the product in a clear and concise 
way, according to the language of fee purchaser and user, feus creating 
acoeptanoe independently (rf fee sales engineer’s efforts, yet in a coirdated 
way. ■ 

3. To show fee purchaser the manner in which fee product can be 
used in furthering the economic process engaging him, so that his busi- 
ne^ can be conducted on a basis of greater return to owneifeip, manage- 
ment, and employee. 

4. To familiarize the purchaser with fee suppler as an organization 
^luipped to serve, feus establifeing in his mind confidence and trust. 
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5. To correct untrathM statements or impr^sions which have become 
current regarding the supplier's organization, services, or products. 

6. To locate or a^ist in locating able and desired sales outlets which 
may distribute the products or services locally, or, if such already exist, to 
strengthen their petition in relation to the market. 

7. To establish in the minds of the supplier's own distributing organ- 
ization a greater recognition of their responsibilities and further their 
respect and confidence for the products or services they distribute. 


"Salesmen and Advertii^g—There Are 16 Ways That Advertising Helps Sales- 
men to Sell More Goods at Less Expense,” Iron Age, December 3, 1936, p. 90. 

Advertising and Sales Promotion. Many of us may look upon 
advertising as a matter of taking a certain display space in a specific 
publication for a definite number of issues, and using this space to the 
greatest advantage. Such a conception is incorrect. It is as unreason- 
able as considering only the signal system in the building of a rail- 
road. As the signal system of a railroad is only one part of a com- 
munication system, and that in turn is but a part of the railroad sys- 
tem, so page advertismg is only one part of advertising, which in turn 
is only one part of a sales promotional plan. Advertising is but one 
group of tools for carrying out a sales promotional program, and one 
tool of advertising is page space in publications. 

A sound sate promotional program to assist in the sale of a product 
to an existing or potential market is made up of a variety of activities 
calculate to inform and inspire the supplier's organization engaged in 
lulling, and the market which is to be served. Advertismg is that part 
of a sate promotional program which, largely through symbols, en- 
dmwom to inform the market of the existence and merits of the product 
and ite supplier, and create in the minds of those individuals who con- 
stitute the market a desire for experiencing the benefits which come 
from possesion and use of the product. What forms advertising may 
take, whether it be page space in publications, individual letters to 
prospects, display material, or what not, are determined by an intel- 
ligent analysis of the actions and reactions of the minds of those who 
buy or influence buying. 


Repsbencbs 

J. F. Ap^t, Jb., ^Tunctions of Advertismg Media,” Indmtriol Marketing, May, 

1^, p. 22 . 

"Adverting Plans for ’39,” Industrial Mmketmg, January, 1939, p. 19. 
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The Technique of Advertising. Advertising, as we have seen, 
deals with a given product or service which can be put to some use- 
ful purpose. The product, for instance, must be capable of definition as 
to its construction, operation, and use. As possible profitable users, 
we have a market which, as we have obseiv^ed, may extend from the 
individual purchaser buying for his home, to the largest corporation, 
which purchases for the purpose of carrying on a successful enterprise. 
In any event, the purchasers are human beings who possess habitual 
mental traits and emotions formed from instinct and experience, and 
these govern their opinions and actions. These traits may be in- 
fluenced and changed, so that the resulting reactions to a set of con- 
ditions may, in time, alter. 

The completed product offered for the user may be termed static, 
but the individual who has an interest in its possession, or can be so 
interested owing to his economic position, may be termed mobile. His 
reactions toward the product itself and its supplier can be made to 
change, and these changes may end in his will to purchase and use, or 
the will to do otherwise. The supplier, then, in advertising deals with 
a static product, and mobile minds, in an endeavor to increase the 
regard of the mind for the product, and lead that mind to a decision 
favorable to the purchase of the product. Obviously, various degree 
of ethics and honesty may be followed in the process. Ultimate profit 
and stability of the supplier can come only through truthful in- 
ferences and statements regarding the product, and a complete re^rd 
for the success and well-being of the purchaser after a purchase h^ 
been made, and the product put to use. 

The technique of advertising equipment and apparatus trod in 
industry differs from that of promoting products purchased for individ- 
ual consumption, where the emotional appeal is the greats. In- 
dustry buys for use and service in various processes, and the fancy of 
tile individual purchaser is seldom catered to. Since buying decisions 
are b^ed upon the ability of the product purchased to perform an 
minomic function under specific technical conditions, the interests 
of the purchaser do not relate so much to the product itself as to the 

of it. His conclusion to purchase is arrived at by a process of 
r^soning, based upon facts and the experience of others. 


Agencies AnaJjw AdvortMug/^ Ind^trial Mccrketing, January, 1938, p. 23. 
PiOEscoTT WiNEUBT, "Sdl Idcss — J^odncts,” Industrial Marketing, Februiury* 
1938, p. 11. 
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Ketth J. Evans, “Coordinating Sales and Advertising,” Industrial Marketing, 

February, 1938, p. 21. 

“American Blower Campaign Built Around Reader’s Interests,” Industrial Mar- 
keting, January, 1939, p. 26. 

Tte Restxlts of Advertising. The results of efficient sales pro- 
motion consist of increased sales and decreased selling expense. As 
advertising is an effort the effect of which depends upon repetition and 
continuity — ovdng to the characteristics of the human mind as well as 
seasonal activities of purchasers— the element of time plays an im- 
portant part. Seeds sown today may bring fruit many years hence. 
Again, advertising being only one tool in selling, any gain in increased 
sales volume or decreased selling expense may be due to other forms 
of effort than those of advertising. The results of advertising are 
most difficult to determine, and also the relation between the quantity 
of advertising effort and the quantity of sales results or degree of sell- 
ing economy.® 

These variable, combined with the fact that advertising is a 
highly specialised form of service often purchased from independently 
operating companies whose income depends upon the volume of work 
done, have in the past provided a happy hunting ground for the pro- 
moter of advertising schemes of a questionable character. 

The Economy of Advertising. Advertising can be destructive just 
as it can be constructive in creating an acceptance for a product 
It can be destructive if it gives incorrect information about the prod- 
uct or service, or creates incorrect impressions in regard to what these 
will do when put to use. It may be employed to so large an extent 
that it create a desire in the minds of the purchasing public out of 
proportion to the ability of the product to serve. The value of ad- 
vertising depends, then, upon its quality in conveying information 
vividly and correctly to those who may be interested. This requires 
that it be directed at a given group of possible purchasers, which can 
be done only by selecting the means best fitted to this group. 

The question is frequently asked, what amount of gross income 
should be devoted to advertising technical products? This question 
cannot be answered intelligently without an understanding of the 
character of the product, the degree of acceptance already emstiag 
both for the trade name of the supplier and for the product itself, 
and the extent and bu3dng habits of the market. Obviously, for a 
new product which must be introduced, sales promotion and advertis- 

•Ref«mce: “How We Evaluate Results,” D. C. Miner, Industrial Marketing, 
February, 1988, p. 9. 
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mg are necessary beyond that required for a product which is recog- 
nized by an established market. Apparatus which enters the home 
or must reach the individual purchaser and depends upon popular 
appeal, requires a greater degree of advertising effort than factory 
equipment having little emotional appeal. 

Advertising in its various forms has been popularly regarded as 
benefiting only the supplier. This is not true, for it has to a large 
extent been instructive to the possible user of the product by calling 
to his attention what is available, and stimulating his mind toward 
the solution of his problems and the betterment of his operations. 

THE COST OF SELLING 

When a manufacturer produces a product such as a mechanical 
speed reducer consisting of gear wheels, shafts, bearing, and a hous- 
ing to contain them, you can see the various parts formed and ma- 
chined, assembled together, tested, painted, and packed for shipment. 
Some conception can be formed of the value of tiie materials which 
are purchased, of the time and labor required to perform the nec^- 
sary physical operations, and it can be realized diat to provide for 
manufacture many expense are necessary even in addition to produc- 
tion equipment. 

In distribution, however, the expenses incurred cannot be easily 
visualized, for they are disconnected and do not relate to a physical 
change in the product. Selling expenses are only a share of distribu- 
tion exi^nses, and the salesman’s salary and traveling expenses are 
only a share of selling expense — for sal^ supervision, clerical help, 
sal^ office rental and maintenance are some of the other more im- 
portant items which must be included. 

The ccBt of calling upon customers when reduced to figures is, 
to mcBt suppliers, alarmingly high,*^ particularly where only a few 
c^Is |»r day can be made. It is much the same as the cost per mile 
to operate an automobile where the car is little used, and deprecia- 
tion, interest on the investment, garage cost, etc., must all be included; 
or tihe cost per game of golf for the club member who plays infre- 
quently. The high cc^ of selling emphasizes how important it is 
that the work of the salesman be laid out with a view to economical 
customer coverage. 

The c(^ of selling engineering products has a defimte relation to 
comj^tition. Where comi^tition is severe and the number of com- 

^ One xnaniffachirer of mdustiial apparatus estimates timt the average 
call, npon the average customer, c<^ tee company S5. 
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petitors is large, selling costs are usually high. Business has been 
developed very largely on the principle that competition is the life 
of trade, and it is true that the principle of competition fosters ini- 
tiative and stimulates the producer in an attempt to supply better 
and lower-priced products. On the other hand, when it is unrestrained 
by rules based upon ethics and sound business practice, it tends to 
increase selling costs and consequently the price the user ultimately 
pays for the product.® 

Speaking in general terms, selling costs are inherently high: 

Where the product or service offered is new to the buying public. 

Where the make of product is new, i.e., where a suppher xmdertak^ to 
offer a product which he has not formerly made and sold. 

Where pc^ible purchasers are few and far between. 

Where a large number of similar products or services are offered by 
competitors and extra selling effort is required. 

Where extensive sales engineering service is required to determine the 
exact requiremente of the purchaser. 

s Products which are ^;aiidardiz:ed, and upon which the buying public is well 
informed, are much more subject to price stabilization than services which depend 
upon engineering and installation skill. For instance, let us consider air-condi- 
tioning service for a busine^ establishment. A restaurant owner desires to equip 
his rooms with form of ^rvice. Eight contractors are called on to 

bid upon dre installation. Each sends a sales engineer to the premises, and 
analyse are made of the local conditions, estimates are made, proposals are pre- 
pm:ed and bids are furnished. Drawing, perhaps, are prepared, and subcontract 
tms ffitimate upon the duct systems, plumbing, and electrical wiring. Each con- 
toctor is put to considerable expense in this work, and only one is the successful 
bidder. The burden of sich expenses ultimately must be borne by all supplies 
and be pud feu: by aJl purchasers. 
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PRICE AND PRICING POLICIES 
WHAT IS PRICE? 

Value is the basis of our economic thinking. As we view the 
available products and services about us, we see that they 
varying values. These values come through the ability of Ihese prod- 
ucts and services to fulfill an immediate want, as in the case of com- 
modities such as foods which answer human desires, or durable goods 
such as machinery and equipment which an industrial manufacturer 
desires in order to produce other goods or services again to fulfill 
human wants. Price problems on the latter cl^ of goods and services 
particularly interest the engineer. 

New products and services are continually entering our civilisation 
as items of increasing or lessening value. Fr^h air, light, and pure 
water have always been items of value, but measured according to 
our common denominator of price, as people have come to live to- 
gether in towns and cities, these items, which many years ago were 
looked upon as free, have become more difficult to obtain and hence 
of greater value. Many attics and junk yards are filled with house- 
hold products or industrial producte which, today, have little value 
except as antiques representative of an earlier period. Valu^ ap- 
plying to products used by industry today depend upon: 

Hie suitability of the product to meet die ne^. 

The characteristics of the product reladng to its in per- 

forming a service. 

The availabihty of the product in the qumdtf aiiJ at the dim airf 
d^red. 

Hie cmt of the product. 

Price is our common measure of value, and is expressed in what 
we call money or currency. As currency should have value in itself, 
we have used copper, silver and gold as money, for these materials 
have value in themselves. We speak of the “gold standard,” taking 
the metal gold of defined quality by which to measure the currency 
value of other materials. In order to economise in the use of the 

m 
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metal, and for greater convenience, vre use engraved slips of paper 
which represent current values, retaining the metal, itself, in storage 
as value to support the paper. The paper has value because of the fact 
that it may be redeemed in the form of the metal. Such a practice, 
however, is subject to the danger of governments issuing more paper 
than is supported by metal, and there is thus the questionable prac- 
tice of deflating the currency, or creating forms of currency which 
have no actual supporting value. 

THE PRICE SYSTEM 

This nation has progressed along agricultural and industrial lines 
under a system by which we have allowed economic values to govern 
trade and industry. The control of production to meet and adjust it- 
self to human wants has been largely free from monopoly and artificial 
authority. It has been contended that any substitute through artificial 
means of price control, rather than control by economic values, affects 
adversely the stability of our own currency and detracts from the force 
of industrial initiative. Similar results, many people have felt, would 
eome from a control of production by any overriding authority. Our 
price system, then, hsa been built upon the economic supply and de- 
mand of a given product, and a form of currency based upon gold as a 
metal. It is free to change independent of the authority of any gov- 
erning body. 

From a practical point of view, for products and services which can 
be furnished efficiently by only one supplier to a group of consumers, 
and where th^e consumers require these products and services as ne- 
ce^ities of everyday life, public regulation of price has become cur- 
rent practice for the protection of the consumer. The extent and degree 
to vriiich price regulation will apply has been continually broadening, 
and constitutes a matter of public policy upon which opinions differ. 

SUPPLY AND DEMAND 

Under conditions of free competition, we are inclined to explain the 
price system by the statement that price levels are determined by the 
law of supply and demand. The operation of this law, however, is not 
an altt^ther simple one, and it requires further attention. 

Under competitive conditions, the jmint which determines market 
prices is that point vdiere the bid of the buyer with the least desire 
to huy equals the offer of the seller with the least desire to sell, so that 
the quantity of goods which changes hands wdll be the largest possible 
without Ites. We s^, then, that the strength of demand depends upon 
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the strength of desire and purchasing power of the buyer; and the level 
of price set up by the potential seller depends largely upon the seller’s 
costs and ability to hold the product until desired prices can be ob- 
tained. 

Prices will tend to be high when the desire of buyers and their abil- 
ity to buy are strong. Prices will tend to be low when sellers desire 
to sell and cannot afford to continue to hold the goods. Prices, how- 
ever, can never be lower than the supplier will accept or greater than 
the potential buyer will give. Bids and offers, according to this law, 
become equalized, and we arrive at a point where the price becomes 
temporarily fixed or in equilibrium and exchange talies place. Under 
the law of supply and demand, if there is no interference, production 
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1. The effect of variatioiia in demand 
upon the price of a pnxiuct, whai the aippiy 
remains constant. 


aad consumption are adjusted at a price level which is reiwonaMe and 
fair. 

The two curves shown in Fi^. 1 and 2 are familiar on€^ in eco- 
nomics and show the theoretical workings of the law of supply and de- 
mand. This law, in simple terms, merely states that price varies di- 
rectly with demand and inveraely with the supply of a product. In 
curves, pointe show the price created by increased demand 
or increased supply while points P% are prices caused by a decreased 
demand or supply. Point P is merely an assumed reference point 
from which we can observe the variations in price with change in 
demand and supply. In Fig. 1, we oteerve that, if supply is constant 
and demand is increased, price likewise increase, while if demand 
pri(^ afeo coii» down. On "flie other liand, in Mg. 2, we 
ttiat, if demand is constont, w. inta^^wd sillily meiMi loiw 
pric^ and a decrea^ supply indicate hi^^ pric^. Th^ 
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are, of course, highly theoretical, and the student must remember that 
both, supply and demand vary. The reactions of both variations -will 
be reflected in price. Also, the fact mentioned previously must be con- 
sidered, namely, that the price will never be lower than the supplier 



Figuee 2. The effect of variations in supply 
upon the price of a product, when the demand 
remains constant. 


will accept nor greater than the potential buyer will give ; further, the 
‘ ^elasticity of supply and demand or the slope of the supply and de- 
mand curves has much to do with the magnitude of the changes in 
price with each change in supply or demand. 


PRICE EVALUATION 

From the viewpoint of price, engineering products — which are 
largely capital goods, as contrasted to commodities which are largely 
perishable gGH>ds — ^require an analysis on the part of the student from 
odier angl^ than that of supply and demand. 

Ckumnodities are made and distributed for prompt consumption, 
and their value exisiB through their ability to satisfy an immediate de- 
mand. The quality of foods, for instance, can be quickly determined 
and comparisons drawn between grades and brands. Since commodi- 
ties are graded and standardizied and a high degree of common knowl- 
edge exists in regard to their characteristic features, we find that th^ 
are inSuenced more directly by the simple law of supply and demand. 

The value of most engineering products comes from their ability to 
produce other goods, often conunoditi^, or render needed service. 
Often the value of en^neering products depends upon a highly special- 
ized degree of usefulne^. The value of various kinds of bearings, for 
instance, used in steel mill machinery can be determined only by t^t, 
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and such tests must be made under a variety of circumstances and con- 
ditions and may require an extended period of time. After such exf^ri- 
ence has been gained, and not until then, is the value firmly established 
in the minds of the purchaser and user. These same bearings, however, 
might be found unsuitable for use as a part of paper-making machin- 
ery, because conditions of application and use differ. We see therefore 
that the value of such items depends not only upon the relationship 
they bear to other items with which they may be used, but also upon 
processes which often are complicated and surrounded by a wealth of 
specialized experience. 

The evening gown may be of attractive, durable, and expensive ma- 
terial, but yet be worthless through changes which have taken place 
in style. Last yearns model of a dough mixer may, however, 
as great a value as one produced this year, assuming that no marked 
improvements have been made which increase its usefulness. 

In the case of engineering products, usefulness and price evalua- 
tions are closely associated with those who create and supply the prod- 
uct. Prompt delivery, erection, or installation by hands skilled with 
the product and its use, and the availability of spare parts, as well as 
other conditions and facilities, may regulate price to a marked degree. 

PRICE DETERMINATIOir 

The engineer is particularly inter^ted in the sequence of reasoning 
leading up to price determination in relation to a product and a mar- 
ket. Price is a vital matter when deciding to develop a new product 
that is to be made for sale, and also in the modification and improve- 
ment of a product that already is in existence. 

Fundamentally, the matter of first consideration is the market in 
terms of the utility of the product, the value of its utility, and the de- 
sire of the market for it. Matters of design and production are, within 
limitations, under the control of the builder, but matters of market are 
largely beyond his control. All the calculations of the designer must 

based upon market prices, whether these are estimated or existent. 

From a practical standpoint, the manufacturer of producte that are 
made by engineering skill encounters a number of factors in determin- 
ing the selling price for the product. 

1. That which attracts his attention first is the cost of prcducing 
the product in the quantities that the market can absorb with a rea- 
sonable distributing expense. As we have seen, due regard must 1^ 
given to all items of cost, including those capital expenses which ha\re 
gone into the development of the product, and the establishing of a 
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manufacturing and distributing set-up. Since the manufacturer is not 
only a producer but also a consumer, due regard must be given to the 
probable variations in the cost of commodities and services which are 
purchased, and their effect upon the total cost of production. 

2. Competition, unless selling prices are fixed, to a large degree 
determines the selling price, and tends to force prices down to a point 
where the greatest ingenuity is required on the part of the manufac- 
turer to maintain a fair profit on his invested capital. Competition 
exists not only from other suppliers who furnish similiar products, but 
also from supplier who furnish products which in some degree or other 
will perform similar services. Thus, we see competition between posi- 
tive pressure compressors and multi-stage turbine blowers over a cer- 
tain range of service, and similar rivalry between metal-working tools 
which cut and those which grind for certain required work. 

3. The utility of the product is an important factor in determin- 
ing the selling price. Not many years ago the portable electric drill 
was perfected to the point where it obtained universal acceptance 
wherever drilling operations were repeatedly required. Its cost to the 
purchaser exceeded many times the cost of the hand drill, yet it elimi- 
nated labor, hastened manufacture and repair, and improved working 
conditions. 

The broom was the only co mm on means of cleaning the home, office, 
and shop thirty-five years ago. It could be purchased for a small 
amount. The vacuum cleaner w^ invented and exploited, and in a 
few years it found an enormous market at a comparatively fabulous 
pnm, because its superiority to the broom for regular cleaning opera- 
tions wm so pronounced. Similar comparisons could be made between 

old icebox and the modem mechanical refrigerator, or the wa^ 
board and the electric washing machine. Since engineering producte 
are »ld to provide a service, and in industry are purchased with regard 
to the quality and quantity of the service, the price paid is directly 
related to the earning power of the service. 

4. The reputation of the producer, as interpreted in the quality 
of the product furnished or service, such as prompt delivery and main- 
tenance, may command a higher price. Many manufacturers of heav- 
ier machinery make a practice of having their engineers present when 
equipment is received by purchasers and installed, to make sure that 
nothing goes wrong and that the apparatus works satisfactorily. Again, 
service shops may be established at local points, to render prompt and 
expert maintenance service. Sudi factors as these may command from 
the purchaser a h^er selling pri<^ upon the product sold than can be 
demanded by competitors who do not fumidi such services. 
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CAUSES FOR PRICE DIFFERENTIALS 

Though it is common to think that the price for which a technical 
product sells is determined by such fundamental factora as cost, supply 
and demand, and competition, this is not entirely true.^ Temporary 
iuctuations in such factors these may be entirely disregarded by the 
manufacturer and supplier. Stability in price is desirable to the man- 
ufacturer, distributor, and purchaser. 

From a practical point of view, the supplier in carrying on his busi- 
ng, encounters a number of conditions relating to those fundamental 
factors Just named, that cause price variations to exist. These condi- 
tions concern the product made or service rendered and the character- 
istics of the market. The commonest causes for price variation are 
outlined below: 

Condition of Design Regarding Obsol^cence. With style an in- 
creasing factor in production and sale, old t3rpes, models, and styles 
are considered 1^ desirable than new, and are therefore often sold at 
relatively lower price levels.^ 

On the other hand, should old types, models, and styles be de- 
manded after existing stocks had become depleted and regular produc- 
tion discontinued, the selling price undoubtedly would be higher than 
for current designs.® 

Time of Completion, On a construction contract or the supplying 
of equipment, time of completion or delivery may be an important 
factor, and a bonus may apply to completion witein a specified limit 
of time. A delay beyond a stipulated time may be subject to a 
penalty in the form of price decrease. 

Quantity purchases may be a reason for price variations, in which 
ease the number of units bought, or the total dollar volume the pur- 
ehteer orders at one time, determine the price that applies. Further 
price variations may be contingent upon the time the order will be de- 
livered — for instance, upon completion or within a sp^ified time. Also, 
if Ihe supplier ftimish^ a variety of products, the variety of the prod- 

^ We can readily see what confusion would exist if the price of any article 
continually altered according to the cost those products and services which are 
required in its manufacture. 

^We are all acquainted with this In tee automobile industry, for example. 
BefcMre new models arrive, if stocks of old models are still available, they are 
often sold at reduced prices. 

^For instance, an accident br^Js tee driving gear of a krgpe hammer which 
hm been in service for filter years- Tlie hammer niwiifacferer ao ImMs 

teis model This iten w Ki|^lfed at a pwe, Wiwraaa- 

tiott ami i^ttems must be ta.1rfCT i from storage and a ringfe unit must be made. 
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nets selected as well as the total order value may cause price 
variations. 

Engineering and maintenance service applying to the product, 
such as supervising its installation, may be the reason for higher prices 
than are charged for products that do not require services of this na- 
ture. For many classes of machinery and equipment, the supplier, in 
order to provide a satisfactory installation, will insist upon supplying--- 
and charging for — supervisory engineering service. 

Form of guarantee may sometimes affect the price, for if the pur- 
chaser assumes the risk in the selection, application, and performance 
of the product— buying the product “as is”— the supplier avoids a risk 
and consequently can furnish it at a price differential. Most reputable 
manufacturers insist upon a standard guarantee applying to new prod- 
ucts which they sell, however, for their reputation is at stake, and 
price differentials of this kind usually prevail only in connection with 
certain classes of second-hand equipment suppliers. 

Special equipment usually commands a relatively higher price 
than standard equipment; such items are often produced singly or in 
small quantities, so that the cost of making and handling is greater. 

Methods of packing and shipping may alter price levels. For 
instance, a purchaser may desire and be willing to pay more for 100 
pieces of apparatus packed in individual cartons than the same quan- 
tity packed in one large crate. A higher price may apply for packing 
for export shipment than for domestic shipment, too. 

Competition, as has been pointed out before, is a ruling factor in 
pricing engineering products. This may be from competitors who fur- 
nish substantially the same kinds and grades of equipment, or it may 
come from quite different sources, e.g., a different kind or class of 
equipment or different product.^ Tile glass, for instance, might be 
looked upon as a competitor of lighting fixtures and electric lamps. 
Certain claves of hoisting equipment might be competitive with cer- 
tain closes of conveying equipment, or certain classes of grinding ma- 
chinery might be competitive for special production operations with 
certain classes of cutting machinery. For particular kinds of service, 
the acetylene welder competes with the electric welder. Industry 
abounds in competitive equipment, and the introduction of one class of 
equipment or product may cause price changes in others. 

The buying power of purchasers relating to the amount of iheir 


* Tbe maiiiifactiirer of aluminum iaas been accused of bolding a monopolistic 
position as a supplier of this material, yet aluminum has a great many competi- 
tors in the form of other materials. 
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purchases of various classifications of products, or the total si^e of their 
annual purchases has also been used as a basis of price variation by 
the supplier. 

Terms of payment for some classes of products and in some classes 
of business may provide for price variations. Many jobbers and even 
retailers may allow, for instance, a discount of say 2 per cent for pay- 
ment within ten days. 

Location of the purchaser ® may for some classy of product de- 
termine whether the purchaser pays the transportation charge from 
point of manufacture to his door or not, which causes a variation in 
the prices customers pay for the product. Many producers and sup- 
pliers deliver free, absorbing this expense in their cc^, or arbitrarily 
^tablish free delivery points which are acknowledged as such by the 
industry of which they are a part. 

From a study of these causes for price variation, the engineer will 
see how complicated the price policies of a supplier become, and what 
a wide variety of factors influence prices that are made where the sup- 
plier sells directly to the user. Further complications arise, as we shall 
see, if the product passes through the hands of a reseller, and he must 
receive compensation for his services as a distributor. 

s The “Pittsbui^h Plus” plan of pricing steel has caused much controTeisy and 
litigation, and illustrates one of the most complex problems in pricing polcy. 
As the steel industry grew, Pittsburgh became its largest producing point, and 
for years steel prices were based upon Pittsburgh as a delivery point, no matter 
where the steel was made. Thus, a purcha^r, in Chicago, of st^I made in Qu- 
cago mills, was required to pay the base price plus freight charge from Fitte- 
burgh. 

As other producing points grew, consumers at such points as Chicago com- 
plained greatly about pa 3 dng freight from PitM>urgh on steel produced in their 
own vicinity, and they insisted on a base price at the mill. As a result, the 
Federal Trade Commi^on i^ed a "cease and desist” order against the "Pitts- 
burgh Plus” system of pricing in September, 1924. 

Out of this grew a multiple baring point system in which Imring points were 
establiriied at mc«t of the main riieei producing and shipping centers, so that 
buyers paid only the freight from their nearest baring point. Prices at each point 
were not nece^rily thc®e at Pittsburgh, but were dependent upon the nec^sity 
for competition with Pittsburgh delivered prices and ability to aipply the demand 
from local mills. 

By no means has this problem been settled, however. The order of 1924 was 
not enforced by any court action, and as recently as March, 1938, attempts were 
made to make this 14-year-old order "final.” Numerous other controversies have 
artel recently on pricing at multiple points. In July, 1938, elimination of dif- 
ferentials on Pittsburgh at Various basing points and new basing points were 
announced. 

Reference: "Efforts to Enforce Almndoned Order A^in Rai^ Baring Point 
IsKie,” Bteelf May 22, p. 17 ; "Price Rekticteiiiw Btrnl^ July 4, 

19^ p. 15; "CoiKumeis Find New ‘Campetirive Ociiditaow in Bleel 
Bleel July 11, 1^, p. 15, 
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ESTABLISHING PRICE LEVELS 

Establishing the correct and equitable selling price upon most popu- 
lar commodities may be a relatively simple matter, but when we ap- 
proach the more complicated technical products, the problem often 
becomes quite involved. 

Price structures upon such products as automobiles, farm machin- 
ery, radios, household appliances, which are sold to the individual, 
though they may be distributed through local resale outlets, have be- 
come simplified and standardized. The individual usually does not 
purchase in quantities, his requirements are for immediate delivery, 
and he buys for cash or according to an established deferred payment 
plan. The industrial buyer, however, may buy singly or in large 
quantities; the order may include a variety of standardized stock items 
or special “made to order’' items; delivery may be extended over a 
period of time; erection or installation services may be included; and 
many other variables may enter into the transaction which add a 
variety of complications affecting the selling price. 

We have seen, too, that many manufacturers reach a part or all of 
their market through resale channels, and in so doing encounter the 
problem of resale discounts which are intended to provide to the dis- 
tributor a reasonable amount to defray the cost of selling, which may 
include a variety of functions, plus a fair profit. 

Let us examine the problems in pricing encoimtered by a manufae- 
kirer of centrifugal pumps sold widely to industry. This product is 
highly specialized as to its function, hut possible purchasers exist in 
almc^t every industry clarification. Purthermore, smaller local pur- 
chasers are usually reached through various distributors. Below are 
some of the problems that we might well encounter in pricing the equip- 
ment of this pump manufacturer. It is assumed that this product is 
being mM direct to the ultimate user. 


teitlNG EhBECT TO THE ULTTMATB TJsKR 
Okmes of tMirmite purchasen: 

Let us conrider the cla^^ of ultiinate purchasers. Should certam 
of ffiese be entitled to lower prices than others on the same wpup- 
mentf For instance, should the steam railroads, public utilities, paper, 
sted, and tesdile manufacturers, etc., all be able to purchase corresponding 
typ^ and siz® of pumps at the same pricse, or should there be a differen- 
tial in price level depending upon the class of purchaser? 
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wmy » opem* up » «w ^ 

nmfes for mine drainage a lot of 100 duplicate standard umts, delivery 
to be accepted as soon as they become available. Sho^d this pnrchator 

to p»»P «P» thi. IP. to a. purtoe, o! . 

“^up^'L. the ptogrm of »u.e dr.h»p is a pr^ dori, ov« 
a MriS of 10 months, and the pumps are desired only at 
10 mr month. Obviously, the mine owner desires to delay 
“t„», sod .void tosg. ooets. Shoeld tte sme pnee 

Mveiy as fould *pply »I»> •“ P”!” •“ “ “ “ 

soon as completed? 

. eoto te d~,. pt<«» * 

to to eme »»»to of pto, hut » f“P dS 

Should to e».e pto level .ppU .e d ail pto 

plieates? 

^prvre“f - 

buying? 

oottm mill loe»<^ lotto eomplaiBB bccmee he must pay 

b, a cottou toll m 0~1P^ 5^' a ctomHe itm, a. he 

r.s^rp.rrrtoJTt.r.toih.to 

town. Is bis cranidamt justified? 

Bonus and penalty: jjuiATt +« *!«» ritv water works. 

A city is from the time the order is 

Delivery must be made tbx^ <*tained by an earlier d^very 

placed, and a decreased ri^ o ’ gnecifies tihat a penalty of 

if p(^ble. In pladng the order, K^fyrv k ddayed. The pnmp 

$25 per day wiU apply for of »5per day apply if delivery 

rzsXto. I. to p-p 

his contention? 

Price guarantee: ™ a new milL which will iwpMe 

A paper manufacturer m rBomred to be nBtalkd during 

one year to eomplete- ^ ohJm- with ^ P®»P 

bmlder at <mce provided dehvery wiu ce 
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and the price appl}dng will be that which exists at the time the order is 
placed. Is the pump builder justified in accepting such a proposition? 

Problems such as tiiese are encountered by every supplier of tech- 
nical products purchased by the industrial market. Every successful 
supplier must establish a price policy calculated to meet all conditions 
of purchase- It must be definite, fair, and easily interpreted by indi- 
vidual buyers. It must be legal, and comply with all federal and other 
statutes. 

The“ ^'open price” policy, by which producers publish their prices 
and their price policies governing sales, is increasing in popularity. 
This practice, in itself, has done much toward price stabilization, be- 
cause each purchaser can tell what other purchasers pay for the prod- 
uct, and, with prices and price schedules made public, there is less 
tendency on the part of the purchaser to attempt to beat down quoted 
prices. 

Establishing price levels for services such as furnishing electricity, 
water, gas, communication, and transportation, which by their nature 
are largely monopolistic, present problems that are extremely compli- 
cated. In but few instances can true comparisons be made between 
existing companies, because usually only one supplier exists, and in 
various locations expense factors may differ to a marked degree. Also, 
the engineer is immediately confronted by problems of evaluation of 
existing property investments, because all these suppliers must, of 
nee^sity, employ physical facilities that are costly, in order to furnish 
adequate service. 

The student will do well to review the causes for price differentials 
which have Just been discussed relating to products, and see wherein 
tfiese various factors apply to toe various forms of public service. 

Price differentials, for instance, in toe use of electricity, may de- 
pend upcm: 

of i.e., domestic or industrial use, or heating and cooMi^. 

Quantity of electricity consumed over a given period. 

Demand charge, that is, a variable rate structure based upon toe fixed 
and variable charges on the equipment necessary to serve a customer, 
and varying with his load factor. 

Time when current is consumed — during off-peak load periods, for 
instance. 

P^uliarity of demand, as by a factory sub^riber with large inductive 
load which, in turn, affecte adver^y tlie public utility system, and 
indirectly other consumers. 



SELLING TO RESALE CHANNELS OF DISTRIBUTION ^7 


Public utility services are, by no means, without competition. Eail- 
roads compete with air lines, buses, and automobiles for passenger 
traffic, and trucks, pipelines, and waterways for freight; electricity 
must compete with gas and other fuels for cooking; telephone com- 
panies compete with telegraph service; and so on, 

SELLING TO RESALE CHANNELS OP DISTRIBUTION 

We have seen that many technical products are distributed through 
resale channels such as wholesalers, retailers, contractors, and other 
equipment builders. Some resale distributors act as selling agente for 
the producer; others purchase the product and sell it in turn. Price 
systems on a given product are based upon the price applying to tibe 
ultimate purchaser, from which discounts are given applying to various 
selling agents or purchasers who buy for resale. Thus, the manufac- 
turer endeavors to set up a ^Miscount schedule’^ applying to various 
classy of selling agents and purchasers who buy for resale. Such dis- 
counts constitute a form of compensation which is set in accordance 
with the form of service rendered as an element in the chain of 
distribution. 

Since those who resell may perform a wide variety of services, there 
is consequently a wide range in the amount of compensation applying, 
or the discount from the retail price to which they are entitled. ITie 
most simple form of resale outlet — ^which simply solicits orders for the 
producer, and performs no additional functions such as carrying a 
stock, representing the producer exclusively, exploiting the product by 
advertising and displays, or providing maintenance for the product 
sold — ^would obviously receive the smalls compensation. Those who 
perform the functions named, and others which might be added, would 
r^eive a greater discount, which would vary widi the fonas of distoib- 
uting services rendered. 

WHAT IS A FAIR PRICE? 

The question of what is a fair selling price for a product is a sub- 
ject which continually leads to argument. The American industrial 
system would answer this by saying that a fair price for an engineering 
product is one which, based upon efficient manufacture and distri- 
bution, provides a reasonable profit to the owners of the economic unit 
producing this product, after labor and management have received a 
fair reward for work they do. Acfe^e competition is relied upon to 



396 


THE ENGINEER AS A CITIZEN 


continue, and our civilization fulfill its destiny of an ever-growing ser- 
vice to the needs of mankind.” ^ 

This may appear to the young engineer as a well-worded idealistic 
preachment. However, if we observe seriously what is happening in 
this country, as ivell as in many others, even though our viewpoint is 
selfish in the extreme for our own safety and good, we must project our 
thoughts and efforts into matters that deal with the social and economic 
welfare of all classes of people. 
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SUCCESS AND FAILURE 

There are many definitions of success, and the popular conception 
of success changes as economic and social conditions alter. With our 
own definition of value based upon what has been termed the “Ameri- 
can system,” success may be applied to the individual who creates 
value, and in proportion to the value created will his success be mea- 
sured. As has been pointed out, “value” includes much more than 
“profit,” and it seems evident that in the future the accumulation of 
wealth will to a lesser extent be a measure of success. 

Various studies made of groups of engineering graduates in dif- 
ferent industrial establishments indicate that most failures to satisfy 
the employer thoroughly have not been due to lack of technical knowl- 

^From “The Engineer in a Changing World,” Ralph E. Flanders, Electrical 
August, 1937, p. 940. 
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edge or willingness to work, but rather to a lack of ability to establish 
and maintain satisfactory relationships with fellow employees and to 
fit in harmoniously with a group of aggressive workers in a practical 
way. Such conclusions should point to the wisdom of the individuars 
making a closer study of the development of his own personal traits 
and establishing habits of conduct which will increase his usefulness. 
In doing so, however, one should guard against the dangers of becom- 
ing too self-centered and too self-conscious. The universe starts with 
the individual himself. His accomplishments come through develop- 
ment in the world beyond himself. 

One of our prominent and successful engineers, whose accomplish- 
ments have come from a balance of technical skill and ability to co- 
operate with others, has itemized those qualities most desired by able 
and soxmd management. They are these: ® 

Integrity— based upon a high degree of honesty and sincerity. 

Dependability — as to word and prompt action. 

Determination — or the ability to start and carry through. 

Resourcefulness — ^which includes devising ideas and methods beyond 
the limits of the beaten track, and is closely allied to initiative. 

Forcefulness — a characteristic which rests upon conviction and ex- 
pression. 

Adaptability — or the ability to fit into a variety of conditions in a 
harmonious way. 

Cooperativeness — ^the ability to work with others including those of 
greater and less responsibility. 

Diplomacy — ^which is based upon an understanding and appreciation of 
the viewpoints of others. 

Friendliness — ^for a thousand times as much can be accomplished 
through an attitude that is pleasant in place of one that is antagonistic. 

Tolerance — ^in the sense that the opinions of others must be respected, 
and the viewpoint must not be narrow or prejudiced. 

Knowledge — or fact information, as considered here, upon principles, 
objects, and processes. 

Education in terms of academic training carries with it responsibil- 
ity. Twenty-five years ago, the college graduate was an exceptional 
individual in the rank and file of industry. By those who had not had 
similar advantages, he was often considered an intellectual aristocrat, 
and on this account his path was often disagreeable before his ability 
and worth were seen and recognized by his associates. Today, this is 

^Reference: See "The Selection and Training of Engineers,” A. M. Mao- 
Cutcheon, Electrical Engineering, September, 1937, p. 1085- 
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true to a much lesser extent. Nevertheless, industry does not look 
kindly upon the young engineer or college man who is impressed with 
his own importance, yet industry recognizes the value of the individual 
who has confidence in himself. The yotmg engineer may soon come in 
contact with men 'who are much older than he is, and who have ac- 
cumulated a wealth of practical experience. Especially is this true in 
the manufacturing and construction fields. Such men perhaps learned 
many of the reactions to physical laws by experience whereas the en- 
gineer has learned them only in theory. They may feel that the ap- 
proach to theory should be from experience in practice, and fail to 
realize the value of theoretical knowledge as a basis for practical pro- 
cedure. The yoimg engineer will do well to respect and listen to such 
older men as these, for they can do much to help or retard his progress. 

Industrial management looks on the young technically trained em- 
ployee as an individual with great possibilities. His immediate earn- 
ing power, however, is relatively very small, and often his employer 
must invest in him an amount equal to or more than his first yearns 
salary in expensive training before he justifies his income. The man- 
agement of most companies watches the young engineer's progress much 
more closely than he realizes. Often special tasks are given him in 
order to observe his reaction; if it is favorable, his responsibilities in- 
crease. Management has pointed out in many cases that the young 
engineer expects too rapid a promotion and is too anxious for ad- 
vancement in salary. What should interest the graduate most is what 
his position may be in a period of ten or fifteen years. No structure 
can be a success unless it is supported by an adequate foundation. 

Time is one of the most important elements in most engineering 
projects. In preparing an estimate upon a structure or apparatus de- 
sign that must be submitted on a certain day and hour, the whole effort 
may be wasted for the estimate is useless unless it is prepared within 
the allotted time and presented prior to the closing date. The engineer 
to be successful must train himself in meeting scheduled performance. 

Any preachment upon the necessity of hard work may appear hack- 
neyed, yet success in any profession is obtained only through almost un- 
limited hours of toil. To the individual who has chosen the field he 
enjoys, such effort brings great satisfaction. If one is not in the line 
of work he enjoys, a change should be made at the earliest opportunity. 
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THE ENGINEER AND HIS PROFESSION e 

A large share of graduate engineers start working for a corporation 
engaged in the production of products or services of a technical nature. 
In doing so, they quickly become absorbed in a particular phase of 
their employer’s activities, in the success of an individual interest, and 
in an interest in the industry of which the company for which they 
work is a part. As we have seen in all industrial activities, there has 
taken place a continually greater specialization of effort, and to be use- 
ful, the individual must focus his efforts as a part of a creative system. 

Without deploring the need for or wisdom of specialization, the nar- 
rowing of the trail we follow has its disadvantages as well as its ad- 
vantages. It has been jokingly said that the engineer proceeds to 
know more and more about less and less until he knows everything 
about nothing, while the commercial representative, w’-ho is called upon 
to have a smattering of knowledge on many subjects, knows less and 
less about more and more until he knows nothing about ever3rfching. 

The engineer, finding himself a part of a company, an industry, and 
a profession, is, however, in a position where he may not only focus his 
efforts, but also broaden his horizon of thought and action through an 
interest in the activities and progress of his profession. 

Fortunately, in this country, professional societies in the field of 
engineering have been organized and active for a long time. They have 
been founded and led by men of broad vision. In recent years a greater 
degree of their attention has been paid to the relations of the engineer 
to leading economic and social problems. The variety of their inter- 
ests has increased. They serve as a meeting ground for the discussion 
of technical subjects relating to construction projects, the design of 
apparatus, and its application to industry, and also its systems of op- 
eration and the practical economic results from these. They present 
to the engineer an opportunity during his career for following technical 
progress in his chosen field and also an opportunity for self-expression. 
The young engineer should investigate these engineering societies to 
which he is eligible for membership, branches of which exist in most 
commercial centers. 

To summarize the most important ways in which the young engineer 


^ References: “The Place of the Engineer in Modem Life,” Harvey N. Davis, 
Mechanical Engineering, December, 1937, p. 893; “The Engineering Profession,” 
Gano Dunn, Electrical Engineering, October, 1937, p. 1235 ; “Hall-Marks of the 
Engineer,” N. W. Dougherty, Civil Engineering, April, 1937, p- 253; “Why Be an 
Engineer?” Power, July, 1938, p. 45 (357). 
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may grow and be of greater service to society, perhaps the following 
may be helpful: 

Development of technical skill. Besides performing the duties assigned 
to him, the young engineer wiU do well to: 

Widen his knowledge through reading technical articles appearmg 
in professional journals and current technical magaziiies. 

Attempt sooE to write an article himself, and develop a style which 

is clear and direct. . 

TUTfllfR the acquaintance of other and more experienced engmeers 

in the line of work which interests him, and find opportumties for 

contact and discussion. 

Attend local meetings of technical societies and take an active part 
in their progress. Learn to talk before a group of people with con- 
fidence when definite ideas and convictions are worth expressmg. 
Development of interest in social, political and economic matters: 

Take an interest in local and national government activities, by 
following daily events through the press; develop and test sound 

a club or society, preferably one which provides outdoor 
athletic advantages, where one can meet and know people m other 

professions and lines of business. ^ ^ • i. • i 

Eead consistently some books and articles which deal with social 

•and economic problems. . n • 

As time passes, take an interest in younger persons followmg lines 
of work similar to one's own, or those with less opportunity, so as 
to develop the habit of “giving" as well as “getting." 

The reader may wonder how the individual has time to take part 
in all such activities as these, but he will discover, as he advances, that 
almost invariably men with the greatest responsibility find time for 
the greatest activity, because they learn how to direct their efforts m 
work, as well as recreation, to the best advantage. There are few more 
pitiable sights than an individual who has grown old in the harness 
of a particular job and finds himself without other interests or avoca- 

tion. ^ -L • 

Outside interests serve as a broadening influence upon the engineer, 

because in these human contacts breadth of view is developed. ^ Al- 
though social activities are important, the greatest reward to the indi- 
vidual often comes from a service that is of benefit to the community 
or to a group of citiziens who need assistance. 

No more significant statement of the future for the engineer ap- 
pears than the predictions of President Harvey N. Davis of the Ameri- 
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can Society of Mechanical Engineers in his address entitled ^The En- 
gineer of the Future,” which was delivered at the spring meeting of the 
A. S. M. E. in Los Angeles on March 25, 1938. It follows: 

The Engineer of the future is going to make tremendous strides 
in this matter of studying human beings and . . . when he does so 
he will become the industrial manager of the world. This subject 
of management is in reality a branch of engineering, at least in this 
country . . . where in the last 40 years engineering has been always 
developing work which has been managed exclusively by engineers. 
Management is one of the great opportunities lying before the 
young engineering man ; and some of the fields of management are 
so highly developed that we can give courses and write textbooks 
about them. . . . 

Of course there are a lot of problems in this field ... for in- 
stance, the very important problems of industrial relations between 
employer and employee. There is no group of men in industry to- 
day that is closer to and understands better the problems of both 
the employee and the employer than do the engineers. They can 
look upon the problems of both groups objectively . — Electrical En- 
gineering ^ July, 1938, p. 280, 

THE POWER OF AN IDEA 

In concluding our discussion of the engineer as a citizen, one is 
struck with the power of ideas. What has been accomplished through 
new ideas in the physical field can similarly be accomplished in the 
field of human relationships. Only a fraction of the thought which has 
been devoted to physical concepts and relationships has been devoted 
to social concepts and relationships during the last thirty years of pro- 
gressive mechanization. A single idea in the development of wire com- 
mxmication, and also wireless communication, has startled the world, 
and has inspired thought which has led to a large number of ideas 
which have made accomplishment possible.'^ Ideas such as these have 


^ In 1875, two men were working with various apparatus in the attic of an old 
building in Boston, Massachusetts, in an attempt to develop a system of multi- 
plex telegraphy. Each had an instrument of his own in separate rooms of the 
attic. One of the men chanced to notice that the vibration of a reed before an 
electromagnet in the other room caused a similar vibration in the instrument 
before him. The idea was born. That man was Alexander Graham Bell, and 
that observation marked the start of the development of the telephone system 
that is ours today. And from this basic idea, thousands upon thousands of ideas 
have been bom untd we have the almost perfect telephonic and radio communi- 
cation of today. 

Along this same line of thought, Major Squier in 1910-11 first successfully used 
multiplex telephony by means of carrier cuirents. His idea has today made it 
possible to hold five separate telephone communications over a single pair of 
wires at the same time, or send 24 simultaneous telegraph messages, plus one 
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been creative in changing our civilization. They possess drama — ^the 
drama of physical accomplishment — and this drama has stimulated the 
minds of a large group of people, in a similar way, to discover princi- 
ples and create new objects of value. 

We have seen that the very creation of these principles and objec- 
tives has introduced perplexities of a social nature that threaten to 
upset the order of things, and bring human misery in place of human 
happiness. Our economic problems, combined with our social prob- 
lems, are daily proving to be of greater importance than formerly. New 
ideas in the control of industry and its creations are becoming increas- 
ingly necessary, and also new ideas in humau/organizations and their 
operation. These, more than anything else, are necessary today if our 
civilization is to continue and improve. Man is the most difficult object 
of study known, not only because of the complicated nature of the in- 
dividual, but also because desires and emotions are constantly clouding 
reason. With greater knowledge of human beings, the engineer with 
his factual training and power to reason logically can play a very 
large part in creating those ideas that will direct our path better. 


telephone conversation, over a single pair of wires. And that idea is still work- 
ing today, for a recent announcement tells us that the Western Union Company 
has successfully combined the idea of the "electric organ” and multiplex teleg- 
raphy to send 96 messages at once over a single circuit by superimposing the 
messages on tone pitches, 300 cycles apart in frequency, of the electric organ^s 
mechanism or tone generators. 
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ECONOMIC STUDIES 

Throughout this book an attempt has been made to emphasize the 
economic aspects of any problem or subject that might be at hand. We 
have seen how inescapable these aspects are — ^how they must be 
watched and heeded if men and enterprises are to be successful, how 
failure to recognize just one economic phase of a problem may make 
the solution of that problem weak and inaccurate. It is with these 
thoughts in mind that the following series of economic studies are 
prepared. 

It is not the intention of these examples to develop the ability of 
the student as a mathematician or statistician, but instead to stimulate 
thought along the economic line of reasoning. Some of the problems 
become definitely ^Vill it pay?” questions, adaptable to an arithmetic 
solution. On the other hand, the economy of the suggested change or 
selection may be well hidden in judgment factors and unmeasurables 
so that the solution results only from carefully weighing every factor — 
tangible and intangible — and being certain that no important ones have 
been left unrecognized. Such problems daily confront the engineer in 
industry, and to start their solutions “from scratch” is usually a neces- 
sity, for data and certainties such as the design engineer has available 
to him are not plentiful in considering economic problems here. 

The importance of economic thinking is well expressed by Lawrence 
E. Frost of Commonwealth Edison, when he said, concerning the design 
of an engine, that:^ “the question ^how efficient can we make it?^ 
must be coupled with the question ffiow efficient can we afford to make 
it?^ ” It is our responsibility to find the true economic factors of each 
problem. The form in which each example is presented here should by 
no means be taken as a standard, but the approach to each solution 
should be from the most logical viewpoint, and all influencing factors 
should be included and evaluated. 


^From ^'Engineering Economy Page,” Journal of Engineering Education, 
April, 1938, p. 585. 
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There is natural rivalry in the world of commerce and trade be- 
tween various products and various forms of service. Since engineering 
products are sold on the basis of the service they render, various pro- 
ducers advance the merits of those methods which employ their prod- 
ucts. There is no intention, in presenting the various studies which fol- 
low, of promoting one product or service in preference to another. The 
only purpose of these studies is to illustrate typical problems which 
exist and the methods applicable in approaching an economic solution. 

Grateful appreciation is expressed to those individuals and companies who 
have furnished information used in the preparation of these studies. In many 
instances such material has been reworded to meet the needs of the book. 


STUDY 1 

A PROBLEM IN AIR CONDITIONING 

A large factory uses an air-conditioning unit of some 650-ton capac- 
ity in conditioning some special process and storage rooms of the plant, 
as well as the offices. Previously, it has been the practice to purchase 
from the city the condenser cooling water used in this large installation, 
but, with a rise in water rates, it has been found that this water will 
cost the company some $12,000 per year. 

Engineers of the plant propose to cease buying condenser cooling 
water and to substitute cooling towers costing $50,000, by which con- 
denser water can be cooled and recirculated constantly. The plant 
management somewhat objects to the excessive investment required, 
but is willing to consider the idea if the engineers can show a return 
of but 6 per cent on the investment. It is found that the interest on 
this investment will be 5% per cent, and depreciation is to be calcu- 
lated on a straight-line sinking-fund basis of an estimated equipment 
life of 20 years. 

The engineers, in making up a cost analysis, use data of a similar 
installation elsewhere. They find, especially in the maintenance of the 
towers, that expenses are somewhat higher than anticipated. It was 
found, for instance, that on account of the make-up of the water avail- 
able, there is great danger of impurities being drawn into the towers 
along with the air, where they would enter this water, form corrosive 
acids, and be destructive to the pumps, condensers, etc. This discovery 
made necessary the provision for constant treatment and frequent 
chemical analysis of the water used at a cost of $450 per year. Added 
to this were the regular maintenance costs of inspection, cleaning, etc., 
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which, from estimates based on similar installations, will cost $1600 
per year. 

Careful estimation was made of the power costs of fan and pump 
motors, and this was concluded to be $1350 for all such equipment per 
year. The “make-up” water, or that water necessary for circulation 
and which must be purchased, is estimated at an annual cost of $450. 
Incidental costs added another $100 yearly to the cost of cooling 
towers. 

With all these costs, will it still be found cheaper to install the 
$50,000 cooling towers or should purchased water be continued? The 
detailed cost analysis takes the following proportions: 

Cooling Tower Costs per Year 


Power (fan and pump motors) $1,350 

Maintenance 1 ^^ 

Water analysis and treatment 450 

Cost of makeup water purchased 450 

Interest on investment (5i% X $50,000) 2,750 

Depreciation ($50,000 -r 20) 2,500 

Incidental 100 


Total cooling tower costs per year $9,200 


The cost of purchased water is $12,000 yearly, and this represents 
the entire cost by this method, since no further investment is needed in 
equipment, etc. The savings per year, by using cooling towers rather 
than purchasing cooling water, are shown by the cost analysis to be: 

$12,000 — $9,200 = $2,800 per year 

This saving, however, is only 5.6 per cent of the $50,000 investment 
and hence falls short of the required 6 per cent set up by management. 
The engineers, firmly convinced that water rates would go still higher 
and that the cooling-tower idea was fundamentally better, set about to 
recheck their estimates but could find no mistake or saving that they 
might have overlooked. However, one of the crew of engineers sud- 
denly hit upon the idea of making the cooling towers do multiple duty. 
It was found, eventually, that, by using the water from the cooling 
towers for several steam turbine condensers and three Diesel engines 
in another department, besides supplying the air-conditioning condenser 
cooling water, an additional saving of $1800 per year resulted. This, 
added to the calculated $2800 of the air-conditioning unit alone, 
brought total savings to $4600 yearly, or a return of 9,2 per cent on 
the investment. The management approved the project and the towers 
went in. This example shows how, by overlooking an entirely remote 
source of expense or saving, an economic cost analysis may be mislead- 
ing and suggestive of imsound procedure. 
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STUDY 2 

METHODS OF APPLYING FINISHES IN PRODUCTION PROCESSES 

The ways in which production costs are reduced and production 
rates increased are many, but of much interest is the advancement 
made in applying finishes to articles in regular line production. It goes 
without saying that each advancement is economically justifiable or 
it would not have been adopted, but a few of the newer developments 
in this phase of production provide an interesting study of the eco- 
nomics of production. 

In early production processes, the old method of brushing was used. 
But, as production processes speeded up and as higher efficiencies were 
demanded, a new method of applying a finish that could keep pace with 
other production processes was demanded by manufacturers. The 
spray system of painting was the answer. 

In a study of the factors which will determine the economic ad- 
vantages of spray painting vs. hand brush painting in a specific case 
where metal parts, for instance, are to be finished, such factors as 
these stand out as important: 

Number and continuity of parts to be painted. 

Labor costs. 

Investment and depreciation of spraying booths, exhaust fans, 
air compressors, spray guns and accessories. 

Space requirements for spraying equipment. 

Transportation costs to and from spray booths. 

Savings in paint and materials. 

Quality and uniformity of work required. 

Flexibility as to paint colors. 

Specific markings required, such as decorations. 

Every industry which uses spray painting equipment does so to cut 
costs as well as to improve the finishes on products. This improvement 
in appearance leads to the reduction of sales resistance, to larger sales, 
and to greater production, all of which revert back to lower cost of pro- 
duction. It has been conservatively estimated that today at least 85 
per cent of all the products of industry requiring a surface finish are 
given that finish by means of the spray gun. Spray finishing is so 
generally accepted as the only means of product coating and finishing 
that there is no longer any comparison with older methods. 

Even though the spray has so completely outmoded older finishing 
methods in speed and quality of work, industry is today no more satis- 
fied with its finishing speed than it is with the speed of its other pro- 
duction operations. The cry is faster, faster; and the producers of 
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spray painting and finishing equipment are answering by the develop- 
ment of machines and equipment that are as far beyond the capacity 
of the hand-operated spray gun as the spray gun was beyond the brush. 

Production finishing can now be done by machines in automatic 
operation very much the same as other manufacturing processes. A 
rotary spray finishing machine, for instance, will do as many as 3600 
small, light-weight articles an hour. The product to be coated or fin- 
ished is loaded on one end of the machine and comes out finished at the 
other end. Such a machine can be set into the production line, receive 
the article mechanically from the last manufacturing process, and dis- 
charge it into wrapping and packing machines. A few of the many 
articles which are coated or finished by means of rotary spray machines 
of this type are electric-light bulbs, golf balls, bottles, jars, automobile 
parts, electrical and radio parts, spools, novelties, telephone parts, 
ceramic ware, toys, and innumerable other small, light-weight articles. 

Larger products in sheet, roll, or panel form, with curved or flat sur- 
faces, are automatically sprayed at a rate of 240 square feet per min- 
ute in a machine of another type, known as a planetary crank-type 
spray coating machine. A few of its uses are automatically spraying 
products such as hides, imitation leather, wall coverings, wall board, 
floor coverings, blackboards, paper, fabric, shingles, glass, and tile. 
Furthermore, hardly a day passes but that some manufacturer installs 
a machine which has been specially designed and built to meet the par- 
ticular requirements of his finishing operation — ^to speed up his produc- 
tion, lower his costs, increase his profit. 

In many plants where the volume of painting or finishing justifies 
the installation of the necessary equipment, paint is piped over a plant 
just as one might pipe water. Faster finishing, better control, improved 
working conditions, cleaner housekeeping, and finally lower costs, are 
the result. It is a long way from the gravity bucket of the early spray 
finishing system to the modern paint-circulating system. Both feed 
paint to the spray gun, but modem manufacturing has progressed 
much since the days of the gravity bucket. Paint handling costs have 
been reduced in many instances and output increased in automobile 
body and refrigerator plants and in other manufacturing establish- 
ments by means of such paint-circulating systems — ^to say nothing of 
their other mechanical advantages. 

Faster finishing, more spraying, and new kinds of finishing mate- 
rials have necessitated new and improved finishing-room exhaust sys- 
tems. The water wash spray booth has come forward to take care of 
these changing conditions. It cuts down the frequency of cleaning, 
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avoids complaints of neighbors, improves working conditions, mini- 
mizes fire hazards, cuts costs, and thereby increases profits. 

Information courtesy: The DeVilbiss Company, Toledo, Ohio. 


STUDY 3 

A PROBLEM IN PLANT LAYOUT 

In Chapter X, plant and production layout was studied in its eco- 
nomic aspects. Mention was made there of the value of process flow 
charts and flow diagrams. We will reproduce, here, the charts and 
diagrams of an actual layout, before and after revision, which clearly 
bring out the savings made by revising the old and uneconomical plan 
of production. 

The particular company involved was confronted with the need for 


SOLE LEATHER DEPARTMENT 



Figueb 1. Process flow diagram of the old manufacturing layout. 

more room in a department manufacturing leather taps ^ for the shoe 
trade. It was desired to keep the department within its present space 
limitations so as not to take up space from some other department in 
the plant. 

The first step in solving this problem was to draw up a process flow 
diagram of the old layout, as shown by Fig. 1. It is quite evident by 
looking at this flow diagram that a great deal of handling and travel 
in the old layout was unnecessary. To determine how much such 
handling could be eliminated, the department was next laid out in 
nainiature, by means of templets for all equipment, and a study was 

^ Leather taps are made from a section of the hide called a ^^bend.^’ 
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made of each step in the manufacturing process for various arrange- 
ments. Always in mind was the desirability of an ultimate arrange- 
ment in which the steps of processing should follow one another in a 
steady forward flow. 

As the plan for the new layout developed, the introduction of simple 
mechanical conveyors, chutes, and proper work-receiving benches 
which would reduce handling and transportation and speed production, 
was seen to be advisable. Furthermore, in the proposed layout, owing 
to elimination of back-tracking and hence rehandling and rack storage, 
an opportunity was seen whereby 75 out of 80 existing cumbersome 
stock racks could be discarded. Also, several production machines 
were no longer needed, under the new plan, to carry out present or 
even increasing levels of production. Figure 2 shows the final selected 
layout by which these advantages were gained. A study of the old 
and new flow diagrams, and the comparative process flow charts ^ shown 



FiGtJEB 2. Process flow diagram of the new manufacturing layout. 

in Fig. 3, clearly indicates the new layout to be a distinct advance in 
economic production. 

As the flow charts will show, in revising its productive layout, this 
company reduced the number of operations from 63 to 39 in the leather 
taps department, and reduced travel from 1460 feet to 464 feet for 
each 100 bends. To execute this revision cost $1900, from which in- 
vestment one yearns savings were $2700. Production in the depart- 
ment increased 25 per cent with the same number of man-hours as in 
the old layout. By a change in procedure, under the new plan, in 

2 Refer to footnote 13, Chapter X, page 261, in using the symbols 
make up the process flow charts of Pig. 3. 
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1 PROCESSCHART I 

1 SOLE LEATHER DEPARTMENT I 

Tnavel Old Process 

Travel New Process 

W Bends in sfock rack for seasoning 

y Bends in stock rack for seasoning 

ISO® Set truck and go +o storage 

•’o 0 Get truck and go to storage 

© Load 100 bends on truck 

© Load 100 bends on truck 

205 ® Toke load to scale 

45 0 Take load to scale 

© Weigh 

0 Weigh 

70 0 Take lood to cutting machine 

20 . 0 Take load to cutting machine 

0 Take bends f romtrock,Pne on mach.tnay 

® Take bends from+ruck,pile on macKtroy 

® Place one bend on cutting block 

® Race one bend on cutting block 

® Cut taps 

0 Cut taps 

® Place taps in rack 

0 Place in chute by machine 

y Pepeat until rack is loaded 

0 Take taps from chute 

^0 0 Move load to grading machine 

W Sort .taps 

20 @ Return to cutting machine 

0 Place tops in individual grade rocks 

10 ® Obtainempty nockandnspeotasabove 

Y Repeat until rack is loaded 

® Take taps from rack 

0 Place loaded rack on conveyor 

E erode taps 

© Sorter to grader 

® Take taps from grader 

0 Take taps from rack on conveyor 

{s> Pbce in empty rock 

g Grade taps 

W Repeat until rock is loaded 

0 Take taps from grader 

30 w Move looded rack to sorters 

0 Place in empty rack 

So ® Return to grading machine 

y Repeat until rack is loaded 

® Take taps from rock 

5 ® Push rack to put-up bench 

® Pile on sorting bench 

0 Take taps from rack 

w Sort taps 

Y Place on make-up bench 

® Place taps in rack on sorting bench 

© Make up into dozens 

Y Repeat until rack Is loaded 

® Place at stamp 

® Take taps from rack on bench 

0 Stamp taps 

® Place in empty truck rack 

0 Wire in dozens 

Y Repeat until bench rock is empty 

20 ® Go to box storage 

45 0 Move rack to put-up bench 

20 ® Return with boxes to packing bench 

45 ® Return to sorting 

0 Place dozen taps in box. 

© Take taps from rack 

® Label 

Y Place on make-up bench 

0 Stamp size and grade 

® Make up into dozens 

@ Place in shipping cartons 

® Place ^ stamp 

® Seal cartons 

® Stamp 

© Mark name and destination 

@ Wire in dozens 

0 Wire cartons 

25 ® Go to box storage 

@ Place cartons on truck 

25 ® Return with boxes to packing bench 

8 0 Pull load to scales 

© Place dozen taps in box 

0 Weigh 

@ Pile for labeling 

12 6 0 Truck to shipping storage 

@ Lobe! 

0 Empty load on floor 

0 Stamp size and grode 

Y Storage 

0 Pile boxes on truck 

128 0 Return to sole leather 

ifio ® Take load to shipping room 

4S4- 

Y Storage 

39 Operations and moves 

10 ® Move truck to packing bench 

464 Ft. trovel 

@ Take packing list from load 


25 ® Walk to order file 


0 Compare packing UstwH'h order 

25 ® Return to packing bench 


@ Take boxes from truck, Joy on bench 
0 Place boxes m cartons 

0 Seal cartons 
@ Mark name and desHnaHon 


25 ® 6o for wiring mochine 

25 ® Return to packing bench 

Wire cartons 


0 Place on truck 


•5 0 Take lood to scales 

Old New 

® Weigh 

so 0 Take load to shipping storage 

way way 

® Empty load on floor 

Opercs+ions 63 39 

60 ® Return to packing bench 

25 ® Toke sole leathertruck to elevator 

Feet of travel 1460 464 

25 ® Return to packing bench 

0 Elevator to third floor 

Cost of chdnge $1900 

0 Pull empty truck from elevator 

Annual saving $2700 

W Storage outside elevator 


160 ® Sole leather mon walks to storage 


0 Obtain truck 


160 0 Return to packing bench 

63 Operations and moves 

Figure 3 

1460 Ft. trove! 
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which products are raade ready for shipment immediately, instead of 
being placed only in factory containers and being sent to the shipping 
room, a further saving of 60 per cent in shipping costs was effected. 

This example illustrates not only the economies of straight-line 
production, but also the importance of flow diagrams and charts in de- 
termining economical production layouts. 

Example and figures from ''Pay-Off on New Layout— 150 Per 
Cent” William T. Connors, Factory Management and Mainte- 
nance, July, 1937, p. 57. 


STUDY 4 

DESIGN OP A DEEP WELL SUBMERSIBLE PUMP 

Liquids are now obtained from deep wells by means of either cen- 
trifugal or plunger pumps. These pumps are suspended in the well, the 
centrifugal type of pump being driven by a revolving shaft, and the 
plunger pump being driven by a reciprocating shaft. 

Often these pumps, owing to the depth of the well, require several 
hundred feet of shafting. Engineers have for many years been study- 
ing the possibility of designing an electric motor and a pump built to- 
gether, as a unit, suitable for lowering into the well and operating in 
a submerged position. Some designs of submersible pumps of this kind 
are available today commercially. Some interesting technical and eco- 
nomic problems are involved, in an endeavor to locate the power-pro- 
ducing unit immediately adjacent to the unit utilizing the power, and 
thus decrease the initial investment and operating expense. 

Although shaft-driven deep-well pumps have been in operation for 
many years, giving excellent satisfaction, the elimination of the shaft 
is desirable, particularly from the viewpoint of cost and the space it 
takes up in the vertical well piping. 

The design problems are complicated for these reasons: 

1. Space diameter is small, for the pumping unit must be able to fit 
into a 6- or 8-inch hole. The motor, in order to obtain the necessary 
power, must be constructed of small diameter arid considerable length, 
and this applies also to the pump itself. Being submerged, however, it is 
subjected to a pronounced cooling effect from the liquid, which is ad- 
vantageous. 

2. The motor must be so constructed that water or other liquids 
cannot get into it. 

3. The conductors, extending from the top of the weE to the pump, 
must be supported and insulated. 
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4. The unit must be easily withdrawn from the well hole when desired. 

5. Self-lubrication for an indefinite period is necessary. 

The principal economic problems involved are: 

1. Comparative initial cost of submersible unit, with its support and 
conductors, against the cost of the conventional pumping unit plus shaft- 
ing and electrically driven power head mounted at the mouth of the well. 

2. Comparative operating efl&eiencies and operating costs. 

3. Advantages accruing to the submersible pump from the increased 
cross-sectional area of the hole available for the transmission of the liquid 
owing to the elimination of the shafting. 

4. Risks involved because of the great difficulty in determining im- 
pending trouble with the pumping unit owing to its remote location, and 
thus making it hard to correct trouble before failure takes place. 

5. Comparative life of the two kinds of equipment. 

6. Ease with which provision can be made to meet changing under- 
ground liquid levels with either class of equipment. 


STUDY 5 

ADOPTION OF METAL SPRAYING PROCESS IN REBUILDING 
WORN PARTS 

A certain plant is debating whether it would be economically justi- 
fiable to purchase and operate equipment for the metal-spraying proc- 
ess of building up worn metal parts. Throughout the plant are various 
places in which this process might be substituted for the method of 
reconditioning now employed, if the metal-spraying process can be 
proved to be satisfactory by saving on reconditioning jobs over present 
methods. 

One of the fi.rst jobs considered is that of worn armature shafts of 
direct-current motors. The replacement of these shafts is laborious 
and costly. Such replacements cost all the way from $125 to $500 and 
involve stripping from the shaft, commutators, and core, and rewind- 
ing and replacing the commutators. By the use of metal spraying, 
worn journals can be built up and remachined without the removal of 
any part of the windings or commutators and at a cost of but $30 to 
$40 for the bigger machines. Motors ranging from 5 to 150 hp. can 
be so reconditioned. It would appear that, with savings in labor and 
convenience, metal spraying would most profitably fit in on such work. 
But can this equipment and process be used successfully for other jobs? 

Another use was found for metal-spraying in connection with shafts 
of centrifugal pumps worn at the stuffing-boxes. Upon one 400-hp. 
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pump where the shaft became badly worn, it was built up with stainless 
steel and machined at a total cost of $35, whereas a new machined 
shaft "Would have cost $250. The shaft so reconditioned proved dura- 
ble, for it was in good condition after 14 months of service. 

Further justification of the metal-spraying process was found in its 
variety of jobs for which it was found suitable, with savings in each. 
This process, for instance, was used in place of electroplating. A large 
molded part cost $89.75 to electroplate with zinc and aluminum. 
Spraying with zinc cost but $22.32. Seventy of these were plated and 
70 sprayed at another time, the costs being $6282.50 and $1562.40 re- 
spectively, this one job's saving being almost five times the cost of the 
spraying equipment. Still another instance where savings were effected 
was in reclaiming parts which cost from $25 to $125, after they had 
been machined in error below size. Cost of reclamation by spraying 
was about $2 or $3 per part. 

This is an excellent example of the selection of a technical process 
that brings great savings, greater convenience, and a variety of uses, 
but justification of which is uncertain without actual cost records on 
the jobs it is intended to do. 

Information from: ^Taying Investments in New Equipment,^* 

James W, Gibbons, Machinery, August, 1937, p. 77L 


STUDY 6 

REDESIGN OP LINE OP ELECTRICALLY OPERATED PROPELLER 

FANS 

For several years, a manufacturer has built and marketed a line of 
electrically driven disc or propeller fans for wall mounting in ventilat- 
ing enclosed structures. Simplicity in construction and operation called 
for these to be built as a imit, consisting of mounting ring, within which 
the propeller fan wheel operates, the latter being mounted directly on 
the motor shaft. The motor, itself, is supported by three arms extend- 
ing radially from the fan ring to the motor frame. Eight ring sizes 
were required, ranging from 18 to 38 in., and for each were required 
different sets of mounting arms. 

Motor characteristics had to be selected for each design and speed. 
Since complete fan units were furnished to operate upon all commer- 
cial electrical circuits, and the speed of alternating-current motors is 
fixed by the frequency of the current, a wide variety of motors had to 
be made available and carried in stock as well as completely assembled 
units. Alternating-current fan assemblies of 1750 r.p.m. (4-pole, 
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60 cycles) were required on the four smaller sizes, and 1140 r.p.m. 
(6“pole, 60 cycles) for the four larger sizes, as well as 1440 r.p.m. 
(2-pole, 25 cycles) — all suitable for operation on 110- and 220-volt 
circuits. Correspondingly, direct-current fans of approximately the 
same speeds were needed for both 115 volts , and 230 volts. Higher 
speeds were avoided on account of the necessity of quiet operation. 
Further complications arose because mechanical dimensions of the mo- 
tors varied according to the type of motor required for the circuit, and 
it was therefore necessary to provide a large variety of mounting arms 
and also a variety of fan wheels on account of the various shaft diame- 
ters. Ordinarily, then, it was necessary for this manufacturer to carry 
in stock: 

16 ratings of direct-current motors. 

16 ratings of alternating-current 60-cycle motors. 

16 ratings of alternating-current 25-cycle motors. 

8 sizes of fan rings. 

36 sizes of mounting arms (some being common to various motor sizes). 

Thus, the fan manufacturer was faced with the manufacturing and 
stocking of a large variety of parts, and carrying in stock a large vari- 
ety of motors and also assembled fans, in order to provide prompt de- 
livery. Motor purchases were necessarily made in small quantities for 
any given rating, and therefore relatively high prices applied. 

After a careful study of possible improvements in design, it was 
found that a distinct economic advantage could be gained if the fan 
frame could be made so as to include the fan bearing, and allow for 
drmng the fan by means of a V-belt. Thus, all fan units of a given 
diameter could be duplicates, with the exception of the pulley. Motor 
mounting brackets were designed to attach to the fan frame so as to 
permit bolting thereto motors of a variety of mechanical dimensions. 
Furthermore, these mounting brackets could be adjusted to permit 
tightening the belts. Thus standard motors of a limited number of 
ratings could be purchased in quantities. 

The flexibility of the new design accomplished these principal ad- 
vantages: 

1. Increase in quantity manufacture of a lesser number of parts. 

2. Decrease in the variety and volume of stocks carried. 

3. Operation of the fan wheel at just the right speed to obtain best 
results, irrespective of the motor speed. 

4. The use of higher-speed motors at a saving in cost. Also the 
buying of motors in greater quantities with resulting savings over previous 
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small-lot purchases. Furthermore, standardized stock motors are employed. 

5. Simplicity in making motor substitutions in the warehouse or in 
customers’ hands. 

The general scheme of how this economic problem in design was 
solved is shown in the following sketches. 


Old Design 



Figueb 4. The original design. 


New Design 



Figtjee 5. The new design. 


STUDY 7 

JUSTIFICATION OF WELDING APPLICATIONS 

There are many manufacturing and construction companies in busi- 
ness today that are turning to electric arc welding or gas welding in 
their respective manufacturing or construction activities as a matter 
of economy and improvement of product. Is this justified, and what 
are the relative advantages of welded construction over riveting or 
other means of fabrication? What has welding to recommend it in 
small jobs? In larger fabrication work? 

In general, welding may be said to have the following recommenda- 
tions — for which examples are cited as proof: 

1. Welded construction is simple as compared to other methods, and 
this simplicity permits great savings in both weight and cost of fimshed 
product or structure. Much less time is required to do a job by welding. 

2. When welding replaces riveted construction, complicated designing 
and detailing are cut out, handling is reduced, and drilling and punching 
are entirely eliminated. 

3. Often welding is suggested to replace cast construction. This sim- 
plifies designs, eliminates patterns, reduces materials cost, saves labor, 
absorbs fixed charges, minimizes inventory, and permits greater freedom 
in design. It reduces weight, resulting in lower freight charges^ quicker 
delivery, and less breakage. 
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4. Quality of finished product is another item that must be considered. 
This, when welded construction is used, is often equal to or even better 
than the properties of the steel being welded. This applies to tensile 
strength, ductility, and resistance to fatigue, impact, and corrosion. 

Engineers investigating welding want more definite proof of this 
superiority of welding over other forms of construction. If these ad- 
vantages can be upheld in actual practice, then it would seem that 
welding is economically justifi.ed in many respects. 

For such proof, the engineers go to the files of a prominent welding 
machine manufacturer, where the following examples applying to arc 
welding are found: 

Machine Parts 

1. Cast vs, welding: The weight of a frame for a ''dough divider’^ 
was cut in half by welded instead of cast construction. 

2. Cast vs. welding: A stator ring and base made by welding weighs 
8400 lb. or half as much as a cast stator. Fabrication costs are but 30 
to 40 per cent those of cast. 

3. Cast vs. welding: A 12-ft-diameter sprocket wheel was specified to 
he finished vdthin %-in. tolerance. No foimdry would guarantee a steel 
casting to finish in less than 1-in. By arc welding, fabrication was com- 
pleted successfully to specifications. 

4. Other examples of machine parts are: 


Cost Cost 

Welded Old Method 

3-legged stand for vegetable-peeling machine $12 . 64 $28 . 70 

Generator bracket 0.85 1.25 

Sliding base for motor 1.25 4.00 


Machines 

1. Biveted vs. welding: A crawler shovel whose boom and dipper stick 
were changed from riveted to welded construction weighs 10 per cent less. 
The boom is 36 ft. long and the stick is 28 ft. long; the shovel is said to be 
twice as strong and cost about 20 per cent less than by the riveted design. 

2. A California hoist manufacturer saves $250 to $500 respectively on 
his small and large units by adopting arc-welded construction. 

3. Another phase of arc-welding weight-reducing advantages is brought 
out by a Pennsylvania manufacturer of jaw crushers. He reduces the 
weight of the frames of his 30 in. by 36 in. type-H jaw crushers some 
50 per cent and thereby saves his customers a great deal in freight and 
handling costs. 

Bailroad Equipment 

1. A Chicago, Milwaukee, St. Paul and Pacific passenger coach weighs 
but 65 per cent as much when welded as when riveted. This saving in 
weight is a great advantage in railway operations and is a much-discussed 
item in railway circles. 
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Shipbxhlding 

1. A 300-ft. freight vessel has about 16 per cent greater capacity by 
welded construction. It carries 300 tons more cargo than a sister ship 
built by riveting. 

2. Another steam vessel had its deadweight so decreased by welding 
that the owner states he gets a free trip each year or so from the savings 
effected. 

Metal Furnituke 

1. In the manufacture of the popular metal furniture, a certain plant 
in Illinois saved $30 per day on one job alone by changing to arc-welded 
construction. 

Steam Piping 

1. It has been found that one of the big advantages of electric welding 
in piping work is the speed with which pipes may be insulated. Insula- 
tion of a welded line takes about one-half as long as a coupled line 
because the absence of a coupling makes it possible to fit standard asbestos 
covering without cutting around and cementing at the joints. Approxi- 
mately 20 per cent savings are shown in welded over coupled piping. 

Buildings 

1. A 200,000 sq. ft. factory building of all welded rigid sawtooth frame 
design was completed in less than 100 working days for the Lincoln Elec- 
tric Company of Cleveland. The building contains no roof tnisses. Aside 
from fast construction and unrestricted interior spaces, arc welding 
showed a 10 per cent saving in fabrication and 10 per cent in erection 
on this 1314-ton steel frame. 

2. A 2-story factory addition was arc welded at a saving of $2800 over 
riveting. Such savings are due to the simplicity of the welding process. 
Structural members are joined directly together without intermediate con- 
necting members, thus saving time and materials, simplifying detailing and 
designing, and reducing handling. The approximate total saving by weld- 
ing over riveting here is 15 per cent. 

And so we see that, from records of previous happenings, engineers 
sometimes find the answer to their economic problems. From these 
examples of the savings in cost, weight, and time plus other advan- 
tages, it would appear entirely justifiable, in many similar cases, to go 
from cast construction in factories or from riveting, pipe coupling, etc., 
to electric arc welding. The savings are of suflBcient magnitude to 
justify a change, and often many advantages follow which cannot be 
evaluated in dollars and cents. 

Information courtesy: Lincoln Electric Company , Clevekmdf 

Ohio. 
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STUDY 8 

POWER TRANSMISSION— UNIT DRIVE VS. GROUP DRIVE 

One of the most important problems in manufacturing is the trans- 
mission and application of power to the individual machine. In a large 
percentage of manufacturing plants, the losses in power transmission 
from the source of factory power to the point of use represent more 
than 25 per cent of the total power consumed. 

There are three general ways of driving machinery in a factory: 

1. One single power source is used, such as an engine or motor, trans- 
mitting the power to each machine by mechanical means. 

2. The machines to be driven are divided into groups, and an engine 
or motor is employed to drive each group by mechanical means. 

3. Each machine is driven by a single source of power, usually a motor. 
Today, with the vdde availability of electric power, most machinery 
manufacturers supply machinery either with the motor and control equip- 
ment, or in such a way that it can be easily connected for electric drive. 
Many machines are now designed so that more than one motor is used, 
where several operations are included in one machine. 

What economical and cost factors, then, should be considered in the 
selection of the proper method of pow’’er transmission? These factors 
might be grouped thus: 

1. Cost of investment in the power-transmission system. 

2. Cost of maintenance. 

3. Cost of operation. 

4. Relations between the system and the costs of production flow. 

5. Relations between the system and the costs of materials handling. 

6. Relations between the system and the costs of labor. 

7. Relations between the system and plant illumination, safety, clean- 
liness, and comfort of employees. 

Other items which must be considered in the selection are: 

1. Any need for machine mobility. 

2. Whether production is steady or ^^spotted’^ with excessive operations 
at times and sharp curtailment at others. 

3. Type of operations done by the plant, and whether additional ma- 
chines are soon to be added. 

Not until the advent of the electric motor did the latter two trans- 
mission methods start to develop. At first, motors were used to furnish 
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power for lineshafts which served a whole shop, but soon the idea of 
breaking down a shop into groups of machines, each group being a 
logical one, was evolved. This was the modern ^'group drive.” Then, 
as smaller motors and control were further perfected, the “unit drive” 
in which each machine was driven by a motor came into being. Be- 
cause of the many apparent advantages of this idea, it spread rapidly, 
sometimes being employed out of proportion to economic justification. 
On the other hand, the group drive was a compromise between the line- 
shaft and unit drive with power delivered by lineshaft to a logical 
grouping of machines. Often such a compromise is desirable, econom- 
ically, despite unit drive advantages. 

From what has been developed, then, it would appear the problem 
at hand is whether modern group drive or unit drive should be used in 
a plant. The old lineshaft method is so costly, disadvantageous, and 
outmoded that it does not enter into the economics of the problem at 
all, for it is not even considered in the selection. 

Let us, then, examine the actual figures in a particular case of the 
economics of modern group drive vs. unit drive, and from these deter- 
mine which is the more economical means of power transmission. We 
select, for this study, a department of a metal-working shop. 
Forty-two heavy-duty buffers are now individually driven (unit drive) 
by motors of 20 hp. connected to each machine by short belts. The 
motors have two bearings per drive and are mounted directly on the 
machine frames. 

It is proposed that it would be economical to divide these 42 ma- 
chines into 8 logical groups — ^utilizing normal load factors and hence 
securing high motor efficiency. For each group would be one 30-hp. 
motor belt-connected to overhead shaft, and machines are to receive 
power by belt likewise, from the group lineshaft. Shafts are 30 ft. 
long, 2%e in. in diameter, with 9 anti-friction bearings per drive. 

In the following survey are the costs by each method, so that we 
may actually determine which is economically the better: 


UNIT DRIVE 

42 heavy-duty buffers, unit drive, utilizing 20-hp.[motors: 


1. Total installed hp. ........ 840 (As installed, 42 motors X 20 hp.) 

2. Operating hours per year. . 4368 (As obtained from management c^shop) 

3. Average motor load 25% (Computed, kw. input X motor efficiency) 

4. Average motor efficiency.. . 78% (Obtained from motor^fficiency curves) 

5. Average drive efficiency. . . 73% (Allowing 5% mechanical loss^) 

6. Average power factor ..... 0,55 (Obtained from power-factor curves) 
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Installation costs: 


Motors and controls. . . . , 

. . $9,198 

(From motor price book) 

(From table of average wiring cost) 

Wiring 

. . 7,721 

Mechanical drives 

1,932 

(Compiled from equipment catalogues) 

Total 

.. $18,851 


Fixed charges @ 15%. , . 
Power computation: 

2,827 

peryear. 


840 hp. X 25% average motor load = 210 hp. output of system- 

210 hp. output ^ 78% average motor eflaciency = 269 hp. input to system. 

269 hp. X .746 (kw. per hp.) = 200 kw. 

200 kw. X 4368 hr. operation per year — 873,600 kwhr. per year. 

873,600 X 0.01 per kwhr. (cost to management of shop) ... = $8,736.00 per yr. 
Power-factor penalty (or fixed charges on power-factor 
corrective equipment due to operation below 85% power 
factor) = 450.00 per yr. 


Total annual power cost $9,186.00 

Operaiing Cost Computation: 

Fixed charges $2,827.00 

Power charges 9,186.00 

Maintenance charges: 

42 motors 
42 controls 
42 drives 
84 bearings 

(On basis of $10 per drive) 420.00 


Annual cost $12,433.00 


MODERN GROUP DRIVE 


Same 42 buffers, divided into 8 groups, each group driven by one 30-hp. motor by 
means of group overhead shafting: 


1. Total installed hp 240 

2. Operating hours per year . . 4368 

3. Average motor load 88% 

4. Average motor efficiency. . . 91 % 

5. Average drive eflSciency. . . 86% 

6. Average power factor 0.90 

Installation costs: 


(Unit motor drive hp. X average motor 
load) 

(As before) 

(From efficiency cmrves and normal load 
factor) 

(From motor efficiency curves) 

(Allowing 5% for mechanical losses) 

(From power-factor curves) 


Motors and controls $2,394 

Wiring 1,707 

Drives 3,800 


Total $7,901 

Fixed charges @15% 1,185 per yr. 


Power computation: 

873,600 kwhr. X 73% (average unit drive efficiency) = 637,728 kwhr. actually 
consumed by machines operating for one year. 

637,728 kwhr. - 5 - 86% (average modern group drive efficiency) = 741,500 kwhr. 
required by modern group drive system. 


741,500 kwhr. X 0.01. = $7,415 per yr. 

Power-factor charges — ^none 0 

Total anrnud power cost $7,415 
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Operating cost computation: 

Fixed charges $1,185.00 

Power charges ‘ 7,415.00 

Maintenance charges: 

8 motors 
8 controls 
50 drives 
90 bearings 

(On basis of $5.00 per drive) 250.00 


Annual cost $8,850.00 


COMPARISON OF RESULTS 


Annual cost of unit drive system $12,433.00 

Annual cost of modern group drive system 8,850.00 

Saving effected hy modern group drive $ 3,583.00 


From the results of these calculations which obviously do not in^ 
elude intangible factors, we see that, economically, the selection of a 
power drive should, in this particular case, be modem group drive 
rather than unit drive. In other instances a different result might be 
obtained. 

One disadvantage of the unit drive is the necessity of ^^overmotor- 
ing'^ or having available a total horsepower equal to the sum of all 
starting loads or maximum operating loads. In group drives, one mo- 
tor, whose horsepower is but the sum of all normal running loads, is 
used. Hence, load factors may be higher and less installed horsepower 
required than with unit drive. It . is a known fact that one motor of 
sufficient horsepower to drive a group system will cost less than the 
many motors in an equivalent unit drive set-up. Motor costs per 
horsepower rise rapidly as the motor horsepower comes down. This 
fact of overmotoring plus extra expense of additional wiring and con- 
trol ordinarily will exceed any increased cost of group-drive mechan- 
ical equipment. 

Unit drive, on the other hand, provides for each machine an inde- 
pendent source of power, and permits any machine to be operated while 
others are idle. Motor-driven machines may be added without making 
any change in the power transmission system. A factory becomes safer 
and cleaner, and the obstruction of light is eliminated, where individual 
drive is used. For some types of machine and work, a wide range of 
exact speeds is obtained more easily by the use of certain types of 
motors than by mechanical devices. 

Each set of factory conditions presents an interesting problem for 
the engineer, and an evaluation of the advantages of group drive vs. 
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individual drive requires a consideration of intangible factors, as well 
as those which can be definitely established on a dollar and cents basis. 

The example of the calculations upon unit drive and modern 
group drive and some other data from “The Economics of Indus- 
trial Power Transmission” Francis Juraschek, Iron Age, Novem- 
ber 19, 1936, p. 36. 


STUDY 9 

SELECTION OF THE TYPE OP COAL FOR AN INDUSTRIAL PLANT 

The problem of the selection of the type of coal for an industrial 
plant has many economic aspects. Let us consider the possibility of 
pulverizing and burning some of the estimated 10 millions of tons of 
anthracite wastes (culm, silt, slush, river coal) that are dumped each 

year as worthless. _ . 

Because of the higher prices of smaller sizes of anthracite plus cost 
of pulverizing, this fuel has been little used industrially in pulverized 
form. But could not these anthracite wastes be pulverized and used at 
a cost comparable to or less than that for other forms of pulverized 
coal? Upon investigation, it was found that this idea actually could 
be carried out — often at a saving in fuel costs. 

Four fuels were studied in an effort to determine when it would be 
economical to fire pulverized anthracite wastes. The fuels studied 
were: 

1. Stoker anthracite (sized— consisting of 75 per cent No. 3 and 
25 per cent No. 4 buckwheat) . 

2. Pittsburgh bitumiuous — pulverized, high volatile. 

3. Pocahontas bituminous— pulverized, low volatile. 

4. Anthracite sfit or culm— pulverized (which we are attempting to 
justify economically). 

The study of these fuels was on the basis of a 100,000 Ib./hr. boiler 
unit at 60 per cent load factor. Taking into consideration all costs— 
operating costs of power, maintenance and labor, and fixed charges on 
firing apparatus — ^values were found for how much the other fuels 
should cost per ton if, for a selected price for anthracite wastes, all 
four fuels were to be equally as economical to use. These results we 

see in the curves shown in Fig. 6. 

By reading the cost of anthracite silt per ton on the bottom scale, 
then going up to intersect any one of the other three fuel curves, and 
thence going horizontally to the vertical scale, we obtain the amount 



TYPE OF COAL FOE AN INDUSTEIAL PLANT 


423 


which any of the other fuels may cost per ton at which the firing costs 
will be equal to those of the anthracite silt at the selected price. To 
illustrate, if we can buy anthracite wastes for $3 per ton, the cost of 
firing pulverized silt or wastes will equal the cost of firing stoker an- 
thracite when it is purchased at $3.25 per ton or Pittsburgh bituminous 



Figure 6. Comparative fuel costs for equal 
economy (100,000 lb. per hr. boiler unit). 


at $4.05 per ton or Pocahontas at $5.00 per ton. Hence, buying an- 
thracite silt at any cost less than $3.00 per ton will effect savings over 
stoker anthracite, Pittsburgh bituminous or Pocahontas at $3.25, $4.05, 
or $5.00 per ton respectively. 

Further investigation of a plant in the East which uses 100 tons 
or more of fuel per day showed yearly savings by using anthracite silt 
or culm as follows: 
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Fuel 


Cost at 
Plant 
PEE Ton 


Cost of Fieing 
PEE Yeae 


Saving pee Year 
BY Using 
Anthracite Culm 


1. Stoker anthracite $3.50-3.80 $122,000-131,000 $11,000-24,000 

2. Pittsburgh bituminous. 4.70-5.00 131,000-138,000 20,000-31,000 

3. Pocahontas 6.10-5.50 113,000-120,000 2,000-13,000 

4. CulmorsHt 2.85-3.00 107,000-111,000 


With costs of each fuel as given for this one instance; it is seen 
how it would be entirely justifiable to install pulverizing equipment for 
anthracite wastes, since the savings effected would shortly pay off the 
investment cost of such equipment. 

An advantage of low-grade pulverized anthracite is that it may be 
as easily directly fired now as bituminous coal. Anthracite pulverizing 
and combustion require no extra operating skill or special treatment 
in spite of its low volatility (2% to 10 per cent) , high moisture content 
(10-20 per cent) , and low grindability (less than 40 per cent, usually) . 

On the other hand, to get good combustion, pulverization must be 
very fine, and this means larger pulverizers which cost more and have 
higher operating costs than for bituminous coal. These increased first 
and operating costs are ordinarily balanced out, however, by the lower 
price per ton of the fuel. Separating burners are necessary to concen- 
trate the fuel mixture and maintain proper ratio of air to coal. 

Despite these added costs in some respects, in one instance $80 to 
$100 per day was saved with pulverized anthracite over pulverized 
bituminous burners, in side-by-side comparison. We find anthracite 
fines being pulverized and burnt successfully with no pre-drying; au- 
tomatic firing apparatus takes care of load swings rapidly, and steam- 
pressure fluctuations are small. Ignition with the fuel is self-sustain- 
ing; carbon in refuse and unburned carbon losses are small; and the 
appearance of the stack is ordinarily good. 

We can conclude, then, that in many cases, anthracite fines when 
pulverized can be competitive with other better fuels, especially in 
areas near anthracite regions where freight rates will not be prohibi- 
tive. In fact, savings sometimes are so great as to pay off the initial 
cost of the equipment for pulverizing the anthracite culm within one 
year. 

Example and curve, from: *^The Pulverization of Anthracite for 
Commercial Usef^ Martin Frisch, Transactions of the First 
Annual Anthracite Conference of Lehigh University, April 29-30, 

1988, Paper XIL 
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STUDY 10 

MECHANICAL LOADING IN COAL MINING 

The problem in coal mining of when and where to use mechanical 
loading is a difficult one requiring careful balancing of all effects of 
physical mining against all operating functions and efficiencies of in- 
stalled equipment. Prejudice must be thrown aside and both beneficial 
and detrimental factors thoroughly studied in each individual case. 
What, then, are some of these factors which the mining engineer studies 
when debating mechanical loading and other mining mechanization? 

All important are the physical characteristics of the coal seam, for 
these determine size, capacity, and type of equipment needed. For 
instance: 

1. Ventilating and safety cost of mechanical loading may vary with 
classification of the mine as gaseous or non-gaseous. 

2. Cost increases may be due to need for increased ventilating due 
to greater velocities and volumes of air in working places. Cost may also 
rise because of necessary face sprinkling to increase visability and rock 
dusting to diminish hazards. 

3. The thickness of coal (minimum, average, and maximum) and pitch 
of seam must be considered if correct size of equipment is to be chosen. 
This is important, for equipment must be of such dimensions as to have 
sufficient power to handle all loads quickly and give sufficient clearances 
under all working conditions. 

4. Kind and texture of the coal must be observed, for these are deter- 
mining factors as regards drilling, power, and necessary explosives, and 
also influence the way in which the prepared faces will 'load out'^ me- 
chanically. Choice of type of mechanical loader, power, and capacity 
is largely determined by the size and shape of blocks of coal produced 
and by the percentage of coarse or fine coal desired for a given market. 

5. Depth of cover overlying the coal and the nature of the "roof” 
affect mechanical loading from the concentration standpoint of panel 
dimensions; width and length of entries; spacing, width, and depth of 
rooms and pillars; or use of longface or longwall mining. 

The type of floor in a given mine requires study in deciding upon 
economic justification of mechanical loading: 

1. Hard floors increase the cost of holding temporary rails in place 
for track-mounted loaders. They also reduce the pitch on which a cater- 
pillar type of machine can maneuver. 

2. Soft fireclay often absorbs enough moisture so that it bogs down 
machine and track. It may also scale off and become mixed with the 
coal during loading. 
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Speed of coal gathering at different points of attack is an important 
cost item and requires study of a proposed loader in relation to ad- 
vancing or retreating pillaring and longface methods. Naturally, any- 
thing. indicative of slow loading is predictive of high operating costs. 

Of wide importance is the relationship of the operating cycle of 
various units to one another. For instance, considering mechanical 
loading from the economic standpoint requires a study of available 
power, its kind, its volume, and the efficiency of its distribution. If a 
loader is designed for 250-volt operation but is put on a line at 
200 volts, operation is possible but efficiency falls greatly and high elec- 
trical maintenance costs result. When loading is changed from hand 
to 100 per cent mechanical, the mining engineer can expect his power 
load to rise at least 1 kwhr. per ton of production. He may find this 
an economic disadvantage of mechanical loading. 

Involved with the problem of hand vs. mechanical loading and se- 
lection of proper equipment is the item of ^^unbalancing’^ of loading and 
cutter units. If the capacity of the cutter is below the average loader 
production per shift, it is necessary to pay overtime wages to keep the 
prepared coal ahead of the loader. On the other hand, cost of opera- 
tion rises as the result of mechanization when a high-speed cutter is 
put into a territory where the loader average is less than the cutter 
capacity. 

Transportation is important in relation to loading methods. Effi- 
ciency of dispatching loads and distributing empty cars may determine 
the economy of mechanical loading vs. hand loading. The number of 
pit cars that are available relative to length of haul, and the round 
trips per shift that are possible, enter into the problem. Conveyor 
transportation may also be a factor. 

A final set of variables which affect mechanical loader savings are 
concerned with the direct labor cost per ton of production. Labor is 
about 60 per cent of all f.o.b. mine costs, and hence, to get an accurate 
picture of hand loading vs. mechanical loading, a complete analysis of 
all operating phases must be made.^ 

Such are a few of the many things which must be investigated by 
the mining engineer when he attempts to justify economically hand or 
mechanical loading in a coal mine. Each factor may point to rising 
or decreasing cost items which may be determinant in the final decision. 
They should be carefully studied from every angle. The variables 
which contribute toward such a decision are by no means only those 


^ An interesting tabulation and calculation of all costs in hand v$. mechanical 
loading is found in Coal Age, October, 1937, p. 62. 
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discussed here, but these variables have been completely classified in 
the following way: 

Variables in Mining Mechanization^ 

1. Attitude of men and management. 

2. Operating organization efficiency. 

3. Kind of mine — shaft, slope, or drift. 

4. Thickness of seam — minimum, maximum. 

5. Character and texture of coal. 

6. Pitch of seam. 

7. Wet or dry operation. 

8. Character of floor. 

9. Character of roof. 

10. Seam impurities — ^banded, inherent. 

11. Depth of cover. 

12. System of mining. 

13. Panel dimensions. 

14. Width of entries. 

15. Width of rooms. 

16. Longface or longwall. 

17. Timbering systems. 

18. Pillar extraction — advancing, retreating. 

19. Surface cleaning facilities. 

20. Power and distribution system — ^voltage. 

21. Hoisting and transportation. 

22. Motive power — condition and capacity. 

23. Hail weights, gage and condition of track. 

24. Conveyors — condition and capacity 

25. Average length of main haulage. 

26. Average tonnage hauled per trip. 

27. Type and capacity of cars. 

28. Number and condition of cars on hand. 

29. Dispatching system and efficiency. 

30. Cutting methods and costs. 

31. Drilling methods and costs. 

32. Blasting methods and costs. 

33. Loading methods and costs. 

34. Yardage and deadwork costs. 

35. Contract and day wage rates. 

Information from: Analyzing Variables — Which Can Make or 
Break Program of Underground Mechanization Walter M, 

Bake, Coal Age, October, 1987, p. S9. 


® Reproduced from Coal Age, October, 1937, p. 61. 
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Investment Diesel- 

Item Steam Electric 

1. Investment in motive power $ 8,975 $64,000 

2. Investment in combine 8,513 

3. Investment in coach 10,904 12,000 


4. Total $28,392 $76,000 


Operating Costs per Train-Mile Diesel- 

Item Steam Electric 

5. Wages — 1 engineer $0.2550 $0.2550 

6. Wages — 1 fireman 1900 

7. Wages — 1 conductor 2170 .2170 

8. Wages — 1 baggageman 1570 .1570 


9. Total wages entire train crew 8190 .6290 


10. Motive power repairs 2430 .0440 

11. Car repairs 0376 .0376 

12. Fuel : 1036 .0250 

13. Lubrication 0067 .0085 

14. Water - 0253 

15. Enginehouse expense 1012 .0150 

16. Miscellaneous supplies 0079 .0079 


17. Total 5253 .1380 


Interest and Depreciation per Train-Mile 

18. Interest 0574 .1540 

19. Motive power depreciation 0076 .0648 

20. Trailer depreciation 0164 .0101 


21. Total interest and depreciation 0814 

22. Grand total (Items 9, 17, 21) 1.4257 

We can now calculate yearly operating costs as follovv^s: 

Steam operation = 29,640 miles X 1.4257 ~ $42,300 

Diesel-electric operation ~ 29,640 X .9959 = 29,500 


Savings of Diesel over steam per year $12,800 


If desired, it is possible to eliminate the baggageman on such a 
Diesel-electric run, in which case his wages of approximately $4600 per 
year (29,640 X 0.1570) would bring the annual savings of Diesel-elec- 
tric operation over steam to approximately $17,400. 

From this complete breakdown and analysis of the two methods of 
operation, it has been found that the savings effected by Diesel-electric 
service are great enough to justify economically the change from steam 
to Diesel-electric motive power. Even though a baggageman is em- 
ployed on the Diesel-electric run, the $12,800 yearly savings, when 
put on 5 per cent compound annual interest, will retire the Diesel mo- 
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tor car investment in 5 years and 7 months. If the baggageman should 
be eliminated, the increase in savings to $17,400 annually will retire 
the investment in 3 years and 6 months. 

This is an excellent example of how closely such economic selection 
problems are studied and calculated in rail transportation. Few other 
industries keep as complete and accurate operating figures as the rail- 
roads from which to carry on economic analyses such as this. 

From study made by: The Westinghouse Electric and Manufac- 
turing Company, East Pittsburgh, Pennsylvania, 


STUDY 14 

SELECTION OF URBAN TRANSPORTATION METHODS 

A problem facing almost every city today is to provide economi- 
cally for the transportation of large numbers of its people to and from 
shopping centers, work, recreation spots, schools, etc. In this economic 
study, we shall investigate the various facilities for mass transportation 
which ordinarily operate under franchises from the city authorities. 

First, what is required to transport city dwellers? We can immedi- 
ately eliminate the idea of doing this entire job by taxi or private mo- 
tor car, for our cities would have to be completely rebuilt if they were 
to accommodate highways adequate to this purpose. We must have 
some form of “mass’’ transportation. The ideal system should trans- 
port the public: 

1. With the minimum of waiting time. 

2. With reasonable comfort. 

3. At the greatest speed compatible with safety. 

4. With least interference with other traffic. 

5. At the lowest possible price, including fixed charges on all capital 

invested. 

Today, w^e find four main classes of mass transportation from which 
to select. They are: 

1. Surface street railways. 

2. Trolley coach lines. 

3. Gas bus lines. 

. 4. Rapid transit lines — elevated or subways. 

Scores of economic factors enter into the selection of the proper 
mode of city transportation. Beginning in locations where routes are 
limited to 100 to 200 passengers per hour (in direction of the maximum 
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movement) such as small cities, the traffic can be handled nicely by 
rather small vehicles which operate on headways of 15 to 20 minutes. 
This indicates the adoption of gas buses because of their low operating 
costs and very low initial investment. Smaller, cheaper buses (seating, 
say, 20 passengers and carrying 10 standing) operated every 15 minutes 
can nicely accommodate 120 passengers per hour, at an investment 
cost of but $3000 to $4000 per route mile including garage facilities. 
This equipment is especially desirable in pioneering in new territory 
in smaller to medium-sized cities. Bigger machines (30 passengers) 
on 15-minute service can facilitate the handling of some 180 passengers 
per hour at an investment cost of about $8000 to $9000 per route mile. 
Forty passenger buses, on 15-minute service, carry 240 passengers per 
hour at an investment of $12,000 per route mile. But, as we come to 
traffic of this density, we must watch economy closely. 

Near this density point, we find the trolley coach coming into eco- 
nomic justification. Externally, except for a trolley, these resemble 
gas buses. Trolley coaches operate by electric motors and control, de- 
riving power from a pair of trolley wires through poles long enough so 
that the buses can pull out from the trolley wires some 12 to 14 feet 
on either side — Whence allowing for passing cars, pulling into the curb, 
and other flexibilities of the gas bus, combined with the advantages of 
electrical operation. 

The investment for the trolley coach is great as compared to the 
gas bus. A 4-wire pole line usually may come from $5000 to $10,000 
per route mile to construct. Substations providing from 30 to 40 kw. 
per vehicle are required at $1500 to $2000. Thirty-passenger trolley 
coaches on 15-minute service will cost in investment about $6000 per 
route mile more than similar gas bus service. Forty-passenger, 5-min- 
ute trolley coach service will cost some $12,000 per route mile more 
than gas bus. In the electric coach’s favor, though, is its low deprecia- 
tion rate due to its long economic life. Substations and lines, likewise, 
have low depreciation rates — about, or , less than, 4 and 5 per 
cent, respectively. As a whole, however, the gas bus emerges with 
about $400 to $700 per route mile less annual charges (fixed) for de- 
preciation and interest than the trolley coach, but this is only 0.6 to 
0.8 cent per vehicle mile. 

But there are other factors in favor of the trolley coach, for records 
of various companies show that often, in heavy service, the savings in 
maintenance of equipment, garage, and power over the gas bus more 
than equal the higher fixed charges of the trolley coach. That must be 
combined with the fact that trolley coaches attract additional traffic 
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because of their smoother, quieter, more comfortable and faster rides. 
Summarizing this comparison of gas bus and trolley coach, then, it is 
safe to say that trolley coaches offer a lower cost of service (including 
investment charges) when traffic density is such as to support 30-pas- 
senger (or more) vehicles on 15-minute (or less) service. Since this 
is true on “new^^ routes, it is very much more so where trolley coaches 
are replacing street railway cars because of the distribution and sub- 
station equipment already paid for and installed. 

Consider now a condition of very heavy traffic. Using standard- 
type 40-passenger gas buses, carrying as many as 70 passengers in rush 
periods with fair comfort, and operating on the very minimum head- 
way of 40 seconds or 90 units per hour, 6300 people might be carried 
per hour in the direction of maximum traffic. Trolley coaches of the 
same capacity are built larger and with wider aisles so they can carry 
loads 20 to 25 per cent greater during rush than gas buses, or from 
7600 to 7800 passengers per hour. In this situation, we have an in- 
vestment requirement of perhaps $245,000 per route mile for the gas 
buses, and $275,000 for the trolley coaches. Plainly, it is now economi- 
cally justifiable to adopt still another method of transportation — ^the 
street car. Modern cars (such as the new PCC cars) ^ seat 60 and 
handle 120 rush-hour passengers, so that only 53 cars can handle the 
6300 passengers of the 90 gas buses or 65 street cars can handle the 
7800 previously carried by 90 trolley coaches. 

The street-car system, if put down on paved streets, may run as 
high as $100,000 per route mile for track alone. Investment in vehicles 
as well as costs of substations, lines, and shop facilities will be less for 
the railway. However, including track, total investment costs will very 
likely rim about $320,000 per route mile, which is 15 per cent more 
than that of the trolley coach line and 30 per cent above gas buses. 
We must not forget, though, that there are differences in depreciation 
rates — so much so that it will be found that the fixed charges of rail, 
trolley coach, and gas bus systems of this magnitude will all be ap- 
proximately equal. Another factor in favor of the rail system is oper- 
ating costs. True enough, operating costs ''per car'' far exceed the "per 
vehicle'' costs of the other two systems; but, because of the greatly re- 
duced number of vehicles in the rail system to handle a volume of 


^ The PCC car is a modem version of the street car, the development of 
which was initiated and sponsored by executives of leading street-railway com- 
panies. These executives formed the Electric Railway Presidents Conference 
Committee as an instrumentality through which a modernized car might be 
developed. (See “The PCC Street Car,” C. E. Hirshfeld, Electrical Engineering, 
February, 1938, p. 61.) 
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traffic such as indicated here, the “total operating costs of the rail 
system are least of all. Considering all these actors-investment, 
mSnSnance, operation costs, etc.-the cost of rail service by modern 
sTeTcars in hLvy traffic as assumed in this discussion will be about 
$35 000 and $22,000 less per route mile per year than that of the gas 
bus and trolley ^oach line, respectively. And accompanying his eco- 
nomic conclusion is the reduced street congestion which results when 
the street car is adopted. Summarizing, then, we may say that the 
advantages of the large-capacity street or rail car become less apparent 
as traffic density decreases. In fact, to handle the rush hours that re- 
quire 3-minute service by rail or 2-minute service by electric trolley 
coach the costs of service are equal by the two systems. 

The fourth and last method of mass transportation to be considered 
in this problem of selecting the mode of service is the rapid transrt 
ystem These systems do not operate on public streets but over pr^ 
vate rights of way, usually elevated above street level or underground. 
Such systems cost enormously, but their carrying capacities are just as 
“mousrmcreased. For instance, the new four-track New York 
municipal subway has a probable one-way capacity, by using 
tracks of more than 180,000 passengers per hour. . , , 

Investments in these systems, which, of course, are justified only 
by tremendous traffic, are so large and varied that any figure is but a,n 
average Perhaps $12,000,000 per route mile is as close as it is possible 
to make such a figure. But this is not so alarming an amminUf one 
considers the benefits that come in expediting passenger traffic. No 
other form of expenditure of this magnitude or greater can be devised 
that will permit the number of people carried by subway to be carried 
successfully by other forms of transportation in the city. Nor can the 

^^^Srays cost fully twice per route mile as much as the most 
surface street railway of equal hourly movement. But even with this 
fact high fixed charges still do not reflect upon subway users. This 
ISa ft we casider Li only about 25 per cent ot 
go for equipment (cars, distribution, signals, shops, etc.), while 75 
per cent goes into non-depreciable items such ^ 

estate. Moreover, track and car depreciation rates on the subway are 
lower than for the surface system. Riders of the subway go four times 
as far as the surface line’s riders, as a rule. If this were not so, and 
riders rode the street systems as they do the subways revenues per 
car or bus mile would never cover operating expenses. Sub^^^® ^ ' 
ate at about 50 to 60 per cent of their revenues. A distmct advant g 
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to the subway or rapid transit operator is his lower operating costs per 
car mile and per passenger as compared to surface lines. 

This study has endeavored to show what factors are considered and 
where the various economic limitations of each method of mass trans- 
portation are placed. It can readily be summarized, though, that the 
selection of the most economical transportation system for a city de- 
pends upon traffic density during rush hours to and from business dis- 
tricts of the city. Of the four systems, the gas bus, trolley coach, and 
street car may more or less be debated upon since their differences are 
not too great, but the fourth system of rapid transit lines is set apart 
as in a separate class since this type of service cannot be touched by 
other forms of transportation. Certainly, the rapid transit is a valu- 
able asset to any large city that can maintain it. 

Eliminating rapid transit operation, then, the modem street railway 
undoubtedly is the best for heavy traffic service, but, as traffic density 
decreases, the trolley coach becomes outstandingly advantageous. Rail 
systems in cities even up to 500,000 population often are not economi- 
cally justified. Electric operation seems the most advantageous for 
most service not only from an economic outlook but also because of 
more comfortable, safer, cleaner, and faster service. The one item of 
eliminating fumes and gases in the air recommends electric operation 
highly. 

Information from: ^^Application of Modem Electric Vehklee to 
Urban Transportation^^ (7. M, DaviSj Electrical Engineering, 
January^ 1938, p. 67, 

STUDY 15 

REPLACEMENT OF OBSOLETE RAILROAB-SHOP EQUIPMENT 

In the present day of financial stress among the railroads of our 
country, many remedies are suggested, and methods of reducing operat- 
ing expenses are being explored. Long deferred by a majority of the 
roads, however, is a modernization of those ^^necessary evils” which 
each must maintain — ^repair shops. It is now acknowledged that 70 
per cent of the machinery and equipment in railroad shops is obsolete, 
and its replacement presents a real economic problem. 

One of the first arguments one receives when he broaches this sub- 
ject to many railroad executives is that modem machines pay when 
they can be kept busy, but the railroad shop is not on a continuous 
basis of production. A job may have to be done very quickly, but it may 
also be the only one of its kind during the day, and the equipment to 
do that job may lie idle until the next locomotive or car comes in for 
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rush service. But is it a true contention that modem machines pay 
only when their load factors are high? A more reasonable answer to 
whether an obsolete machine still in use should or should not be re- 
placed is whether there is a material saving in the relative cost of doing 
a piece of work. If the saving can be made, costs are reduced and 
cheaper and better service can be rendered by the railroad, which 
should create more business requiring a greater use of the machine, 
and hence a greater amount of saving through its use. Is it not sound 
that one contributing cause of the plight of some railroads is the fact 
that shop equipment has been allowed to become largely obsolete? 

In the calculations which follow, it is shown what it is costing the 
railroad industry when it keeps on using obsolete equipment in one 
specific instance. From such an example, conclusions can be drawn 
on the total bill paid annually for obsolescence by the railroad 
industry. 

The calculations below are based upon a new turret lathe which a 
superintendent of a certain road has ordered. The machine is to be used 
only for the rough machining of steam chest bushings some 15% in. in 
outside diameter. Material of the bushings is gun iron, and, with exist- 
ing equipment, the machining time is 180 minutes per piece, while rec- 
ords of other users of the new lathe estimate that the job can be done 
in 40 minutes for each piece. Labor cost is assumed to be 60^’ per hour 
and overhead 90^ per hour, or a total of 2%^ per minute. First we 
solve this by the Warner and Swasey method, which is most simple: 


Cost per piece on old equipment = 180 X = $4.50 

Estimated cost per piece with new machine = 40 X = $1.00 

Gross saving per piece hy new machine $3.50 


Assuming a 48-minute hour and an 8-hour day, 9% pieces can be 
turned out daily with new equipment. Twelve minutes of each hour 
are allowed for emergencies, operator being away from machine, etc. 
We shall further assume the average working days per year to be 280. 


Gross savings per year = 9}^ X 280 X $3.50 = $9310.00 

Cost of turret lathe complete 7324.50 

Cost of special tooling 300.00 

Total investment $7624.50 

Depreciation on the investment: 

20% on machine and standard equipment $1464.90 

100% on special tooling 300.00 

Total depreciation $1764.90 

Net savings per year ~ $9310.00 — $1764.90 = $7545.10 
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If the saving effected by the use of the simple Warner and Swasey 
method is felt a bit optimistic, we can check it by the replacement for- 
mula of the SKF organization, which is interesting since, in the 
SKF company, a superintendent need only show, by this formula, 
that equipment he wants will pay for itself within a given period (usu- 
ally two years), and his requisition is approved. The formula is: 


Cv: Ct Cix -|- Cnx + Ffi 

c 


in which M = number of months in which equipment will pay for itself 

Cs = cost of new equipment to be installed. 

Ct = cost of tooling the new equipment. 

Cix = the cost of interest for X years at 6 per cent, X equaling 
the number of years determined upon as the maxiTnuTn 
time during which the equipment must pay for itself. 

Cdx = the cost of depreciation for X years at 10 per cent, X 
being the same as above. 

Vb = book value of the displaced equipment. 

Rp = present rate or cost per piece by old machine. 

Re = estimated rate or cost per piece on new equipment. 

Nd = number of pieces to be produced per day on the proposed 
equipment. 

Dm - number of working days per month. 


Sobm = savings in overhead per month. 


Again, we assume that the new lathe is to be written off in five years 
and that the old machine has a book value of $500. Then: 


Cm = $7,324.50 
Ct = $300.00 

Cix = $2,197.35 = ($7,324.50 X 0.06 X 5) 

Cdx = $3,662.25 = ($7,324.50 X 0.10 X 5) 

Vb = $500.00 
Rp = $4.50 
Re — $1.00 
Nd = 9.5 

I>M = 2i . , . 

SoHif = 0 (included in calculation of rate per piece). 
Hence: ...... 


i J I I T-/ 

($4.50 - $1.00) X 9.5 X 24 -f 0 
$13,984.10 _ 


If the new lathe pays for itself in 17% months, it must have saved 
$7,624.50 over that period. We assumed that the investment is to be 
written off in five years. In a single month the saving will be 
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$7,624.50 i^gg . for the whole five-year period the saving will 
17.5 

Ko y 5 X 12 = $26,160. This is $5,232 per year as compared 
to $7,545 as calculated by the simpler method, but still an admirab e 

saving is shown by installing the new lathe. i i x. 

We can turn to still another more complex formula to check our 

results again. The formula; 

V = [{S + Ta + u - E)X -t- Tb] - H- X -f 

where Y — i(a + B + C! + ^- 

in which case, the symbols stand for the following: 

A = interest rate, or yearly allowance on investment = 

B = yearly percentage aUowance for msuranc^ taxes, etc. 0.01. 

C = yearly percentage allowance for upkeep 0.0m 
E = yearly cost of power, supplies, etc., m dollars -^0. 

h = expected number of years of life 50 

T — ini+ifll cost of new eqmpment m dollars = $7,624.50. 

K - unamortized value of equipment displaced, less its scrap 

X == pem^Jta^ ofySr dSg which equipment will be in use 

S == yearly saving in direct labor cost in doUars = $9^310. 

Ta = yearly saving in labor burden m dollars 
tI = ye&vly fixed charges on old equipment = $600. 

U = yearly saving or earning through mcreased production in 

r = yeariy^TOSt to maintain new equipment ready for operation in 

V = yeSyTet^eraS?p?ofit from new equipment, in excess of 

fixed charges, in dollars. 

y ^ j + B + C + = $7624.50 (0.06 + 0.01 + 0.05 + i) 

= $7624.50 X 0.32 = $2440 ^ 

V=KS+Ta + U- E)X -h Tb] - \j + ^\^ + h) 

_ [(9310 -t- 0 — 0)0.93 -h $600] — [$2440 -b $500(0.06 + 0.20)] 
= $6688 

Example from: “What It Costs to Keep Obsolete 
in a Railroad Repair Shop,” American Machinist, May 16, 

p. 764. - - 

^Developed by a committee of the American Society of Mechanical Engineers. 
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STUDY 16 

BORING VS. GRINDING LOCOMOTIVE AIR-PUMP CYLINDERS 

The greatest single item of railroad maintenance expense is locomo- 
tive repairs, and an important phase of this work is the reconditioning 
of locomotive air pumps. In order to reduce the cost of this pump re- 
conditioning, it has been suggested that pump cylinders be recondi- 
tioned by grinding instead of boring, using an internal grinder espe- 
cially adapted for the work and equipped with a swiveling type of 
pump fixture to facilitate adjustments and minimize setting-up time. 

After careful study, it was found that by grinding the cylinders, 
instead of boring, savings could be effected in four distinct ways: 

1. Savings in labor costs. 

2. Savings in material costs. 

3. Savings in maintenance costs. 

4. Savings in steam consumption, or operating costs — ^tHs being the 

most important of all savings. 

In the selection of methods of maintenance, as in this problem, there 
are many economic angles from which the methods must be studied and 
analyzed. For instance, the large savings in labor by changing from 
boring to grinding are mostly due to the fact that pump cylinders may 
remain assembled to the center casting when ground. If they are to 
be bored, the cylinders must be unbolted from the center casting and 
each cylinder or pair of cylinders set up and machined, and then re- 
assembled. Such boring operation (on an 8%-in. cross-compound 
pump) requires 10 hours shop labor, and jeopardizes cylinder align- 
ment owing to warping of center castings and difficulty in drawing 
gaskets down evenly in assembly. Grinding does not disturb the gas- 
kets, it requires 4 instead of 10 hours, and the accuracy of the grinder^s 
swivel feature insures that steam and air cylinders are ground in align- 
ment, resulting in free piston action, straight-line travel of the piston 
rods through the stuffing-boxes, and minimum, equally distributed 
wear. Actual savings in labor are about $4.33 per ground pump. 

Another advantage in favor of grinding over boring is in the cost 
of new cylinder castings. Naturally, the number of times a cylinder 
can be reconditioned by boring or grinding before reaching the %-in. 
oversize limit depends upon wear and the aTnount of metal removed at 
each reconditioning 4 Boring normally enlarges a cylinder ^g-in. and 
is required every 100,000 miles (about two years of service) . Grind- 
ing causes but a % 2 “hi. enlargement and usually will last 150,000 miles 
or three years. Because of the superiority of finish in the ground cyl- 
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inder and the greater alignment accuracy; the wear is less. From this 
increase in cylinder life by grinding instead of boring, the outlay for 
new castings is cut about $7.27 per year per pump. 

Still another saving tending to make us decide to adopt grinding 
instead of boring is that reconditioning is required only every three 
years instead of two, and hence a unit saving of $2.21 for enlarging 
piston-heads to fit the enlarged cylinders is made. Another saving is 
in piston rings. When all these maintenance costs are added to labor 
and cylinder material costs, we find the annual cost of a ground pump 
to be but $22 vs. $48 for a bored pump. This would certainly justify 
a change to grinding. 

Three distinct technical tests were made to determine the savings 
in steam consumption due to the superiority of ground cylinders, and 
from these tests, with a conservative estimate of 50,000 service miles 
per year per locomotive, an annual saving of $111 per pump was shown. 
This great saving is due to higher efficiency of ground cylinders and the 
reduction of steam consumption that results. 

From these savings, it is seen that the grinding method saves 
$48 — $22 + $111, or $137 per year. The machine can grind 600 of 
the 8%-in. pumps per year, so that, in a shop large enough to provide 
full-time work for the machine, one grinder, purchased for $6180, 
would save $137 X 600, or $82,200 per year, or more than 13 times its 
cost. 

Such a machine is equally adaptable to even very small shops, for, 
when provided with auxiliary equipment, it can be used for other loco- 
motive repair grinding jobs, such as grinding valve motion parts, rod 
bushings, and driving boxes of the floating bushing type. When it is 
so used, yearly savings of about $274 per locomotive are possible, and 
in a shop overhauling only 36 engines per year, this means a saving 
of about $9860 per year, or over $450 more than the cost of the grinder 
and its auxiliary equipment. With all these savings definitely known, 
it seems obvious that the solution to this problem is to turn to the use 
of this grinder, whether the shop is large or small. 

Information from: ^Taying Investments in New Equipment,” 

H. E. Moor, Machinery, May^ 1987, p, S8S, 


STUDY 17 

CARBOLOY TOOLS VS. HIGH-SPEED STEEL CUTTING 


A plant is contemplating the use of Carboloy cutting tools in place 
of high-speed steel tools in regular production processes. Much has 
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been said and is known about Carboloy cemented tungsten carbide. In 
many instances, it has made machining operations commercially pos- 
sible which without it were impossible. Production has been greatly 
increased on very difficult machining jobs, too, by the use of this new 
cutting alloy. But this information is not very useful to this plant, 
for Carboloy is contemplated, not for a very difficult job, but for a 



Figure 7. Surfaces macbined with Carboloy 
indicated by shaded outlines, 

relatively ^^easy’^ production job where high-speed steels do the job 
nicely at present. 

Will Carboloy fit in in such a case? What are its advantages 
which may effect savings over the use of high-speed tools? The plant 
in question turns to the time study for its answer. The job will be done 
by both methods (Carboloy vs, high-speed steels) ; the one doing it for 
the least cost will go into regular operation. 

The job chosen for the study was one of facing, turning, boring, 
taper-boring, and reaming aluminum bronze gears/ the cross-section of 
which is shown in Fig. 7. F ollowing is the detail of the time study taken 
on this operation by both cutting tools: 
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DETAIL OE TIME STUDY (FIRST CHUCEING) 

Note: HS indicates figures for the high-speed steel tools. 

C indicates figures for Carboloy tools. 

Sub operations 





Surface, 


Actual Time, 



R.P.M. 

Feet 

Cut 

Minutes 

1. Chuck (3-jaw air chuck) . . 

HS 




0.15 

C 




0.15 

2. Index and position cutters 

HS 




0.05 

C 




0.05 

3. Start drill and face hub — 

HS 

74 

40 

Hand 

0.50 

C 

356 

186 

Hand 

0.15 

4. Index and position cutters 





0.16 

and start feed 

HS 





C 




0.15 

5. Core drill and rough turn 






(hex turret) rough face 




0.015 

1.20 

(cross slide) 

HS 

74 

97 

C 

356 

475 

0.015 

0.25 

6. Index and position cutters 

HS 




0.10 

C 




0.10 

7. Rough form taper 

HS 

74 

97 

0.015 

1.25 

C 

356 

395 

Hand 

0.30 

8. Index and position cutters 

HS 




0.15 

C 




0.15 

9. Finish bore and finish turn 






(hex turret) finish face 





1.85 

and chamfer (cross slide) 

HS 

74 

97 

0.015 

C 

356 

476 

0.015 

0.40 

10. Index and position cutters 

HS 




0.15 

C 




0.15 

11. Ream 

HS 

74 

20 

Hand 

0.15 


C 

356 

96 

Hand 

0.10 

12. Index“and position cutters 

HS 




0.15 

C 




0.20 

13. Finish form taper 

HS 

74 

80 

Hand 

0.15 

C 

60 

65 

Hand 

0.15 

14. Remove 

HS 




0.10 


C 




0.10 

Total Time 

HS . 




. . 6.10 


C , 




. . . 2.40 


For a run of 400 pieces by use of each cutting tool, the following 
data were obtained: 


1. Average flat time per piece 

2. Average prodtuAim time per piece. 

3. Labor & overhead per piece at $1.60/hr 

4. Cost of cutters used up on this 4()0-piece lot 

6. Cutter grinding time* at $1.50/hr 

6. Total cost on 400-piece lot (Items 3, 4, and 5) . . . 

7. Total cost per piece including cutter costs — 

Item 6/400 

8. Pieces per 8-hr. day including cutter grinding. . . 

9. Pieces per year (280 days) 


High-Speed 

Carboloy 

6.10 min. 

2.40 min. 

7.32 min. 

2.88 min. 

$0.18 

$0.07 

$20.00 

$20.00 

$62.50 


$154.60 

$48.00 

$0,386 

$0.12 

. 33 

166 

9,240 

46,480 


* No grinding necessary during this lot using Carboloy, but the lugh-speed steel cutters were 
ground after each 16 pieces. 
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It is not difiScult from this tabulation to figure what the Carboloy 
savings will be: 

1. Savings per piece ~ $0,386 -- 0.12 = 

2. Savings per lot = $154.50 - $48.00 == $106.50 

3. Savings per year based on 46,480 pieces « 46,480 X $0,266 = $12,363.68 

4. Total investment in Carboloy per year ($470.00 per set X 3) . . . $1,410.00 

5. Total investment in high-speed steel per year = ($50 per set X 6) = $300.00 

6. Added annual investment in Carboloy cutters over that of high-speed 

steel cutters per year = $1,410 — $300 $1,1 10.00 

7. Net annual savings on investment = $12,363.68 ~ $1,110.00 = . . . $11,253.68 

8. Earning power of additional investment in Carboloy cutters = 

$11,253.68 $1,110,00 =* 1,013%/year 


It is concluded that the plant should immediately change to Car- 
boloy tooling in production since it has demonstrated its ability, not 
only for use on commercially non-machinables, but in materially in- 
creasing production and decreasing costs on regular production jobs. 
Feeds and speeds may be increased to so great an extent that the 
amount of metal removed in a given period, as compared to high-speed 
steel, is so much greater that both tool and machine operating costs are 
greatly reduced and production increased. Savings in grindings of 
tools are also economic justification of Carboloy in the regular produc- 
tion processes as well as on the more difficult machining jobs. 

Information and figures from: Carboloy Magazine, V 61, 1, No. 3. 

Courtesy Carboloy Company^ Inc.j Detroit, Michigan. 


STUDY 18 

THE STEAM ENGINE VS. PURCHASED ELECTRICAL ENERGY IN 

PUMPING 

For 12 years a certain small refinery employed a steam engine to 
pump gasoline from storage tanks to railroad loading racks. This 
equipment is in good and serviceable condition today, operates reliably, 
and would be capable of giving service for the remainder of its esti- 
mated life of 25 years. Recently, however, refinery engineers have 
come to the conclusion that it would be much safer, cleaner, quieter, 
and more economical to substitute electrical power purchased from a 
utilitity whose services are available. Should such a change be made? 
Examination of cost detail may shed some light on this question. The 
company management indicates it will approve the change only if a 
10 per cent return on the investment can be earned. 

Twelve years ago, the steam plant was installed at a total cost of 
$6000, to be retired at the end of 25 yearn by straight-line depreciation. 
Operation and maintenance of the old plant averages $2500 per year, 
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including all operating and repair costs, fuel, etc. Experience has 
shown taxes and insurance to be 1.5 per cent of the original invest- 
ment. At the present time, the best offer received for the old plant, 
were it retired and disposed of, is $715. On the other hand, the new 
plant including motors, control, and all other accessories to convert to 
electrical pumping will cost $9000, with an estimated life of 30 years, to 
be retired, if decided upon, at the end of that time by straight-line 
depreciation. Insurance and taxes will be approximately 2.0 per cent 
per year, while cost of operating and maintenance is estimated at $1100 
per year. 

To arrive at an arithmetic solution, and recognizing the unamor- 
tized value of the old plant, we can calculate the return on the invest- 
ment necessary to change to electrical pumping as follows: 


For the steam plant: 


Operation and maintenance $2500 per year 

Depreciation = $6000/25 = 240 

Taxes, insurance, etc. = $6000 X 0.015 = 90 


Total annual cost of steam plant $2830 

For the electrical installation, recognizing the unamortized value of the plant 
being replaced: 

Operation and maintenance $1100 per year 

Depreciation = $9000/30 = 300 

Taxes, insurance, etc. = $9000 X 0.02 = 180 

Amount per year book loss on old plant that must be charged 
to the electrical plant over the remaining life period of the 
old plant is : 

$6000 ~ (12 X 240) - 715 _ 


Total annual cost of electrical pumping $1765 

Saving by electrical pumping = $2830 — $1765 == $1065 per year 


Percentage earned on investment = g^QnnQ 1 7x5 • 


From every indication, the change will very well satisfy the execu- 
tives, for the return is well over that required. 

This method of solution of a replacement problem, in which the 
unamortized value of the old equipment is recognized and charged to 
the new equipment, is acknowledged by some, condemned by others. 
One of the chief arguments against recognizing unamortized value is 
the fact that the value said to remain in the old equipment is a book 
value based upon a previously estimated life of the equipment. It is 
contended that had this estimate been correct, there would be no un- 
amortized value at the time replacement is desirable; hence to use the 
imamortized value in the calculations is to introduce an error. 



PUECHASED POWER YS. PRIVATE GENERATION 


451 


In such a problem as this, the thing we should really watch most 
carefully, however, is whether the new equipment is able to cover its 
own interest, taxes, etc., and amortization of its cost before it becomes 
obsolete, through the savings it brings about over the equipment it re- 
places. Obsolescence is a big factor in equipment where rapid im- 
provement of design and efficiency is still in progress, for ovmers and 
users of such equipment find it often to their advantage to get newer 
and more modern equipment long before the old is worn out or reaches 
the end of its estimated service life. 

Factors which tend toward a change to electrical pumping in this 
example, but which are not shown in the calculation at all, include 
the great increase in safety when installed in so hazardous a location, 
cleanliness (much desired around a refinery) , quiet operation, elimina- 
tion of the handling of fuel oil or coal, less attention needed, and per- 
haps less labor required. Remote control and ease of control, auto- 
matic features, etc., round out the arguments in favor of electrical 
pumping in this example. 


STUDY 19 

PURCHASED POWER VS. PRIVATE GENERATION 

Today, there often is brought before the engineer the problem of 
source of electrical energy to do a certain job. Consider a small manu- 
facturer in the Middle West starting a small factory to be electrically 
powered. Power may be purchased from a nearby high line, but the 
manufacturer has the idea that he can more profitably manufacture 
his own power. His demands are such that he will have a load of 
about 475 kw. for an average of 54 hours each week. He has decided 
that, in the event that he does generate his own energy, he must pro- 
vide adequately for peak loads that may occur occasionally, and that 
he must divide his installed capacity into more than one unit to allow 
for maintenance, repairs, and emergencies without complete shutdown. 
He decides two units of 300 kw. each will provide this. His plant will be 
Diesel powered if such power can be justified since steam plants of 
small size are inefficient as compared to the Diesel. That plus other 
Diesel advantages led to this selection of power to drive the proposed 
plant. 

The power rates are based upon many factors. If a user has a 
continuous demand over long periods of time, rates are usually more 
favorable. Likewise, demands of consistent starting and stopping 
times, or of high power factor, give lower rates for purchased power. 
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ECONOMIC STUDIES 


After studying the needs of this manufacturer, analyzing his demand, 
power factor, location, etc., the public utility from which power would 
be purchased decided that power could be furnished the manufacturer 
at a rate of 2 cents per kwhr. 

With this figure known, the manufacturer set about to justify eco- 
nomically his own contentions that he could produce his own power by 
a Diesel plant cheaper than he could purchase it. He bases his figures 
upon the two 300-kw. units which are to be housed in a modern build- 
ing of $12,000 construction cost. His investment, he calculates, will 
be as follows: 


Power plant building $12,000 

Real estate 3,000 


Total $15,000 

Generators $ 4,000 

Switchboards & wiring 2,000 

Engines (Diesels) 36,000 

Poundations (for generator equipment) 1,500 

Miscellaneous items 2,000 


Total $45,500 

Oil and water storage tanks $ 1,500 

Oil and water pipe lines 1,500 

Exhaust piping 500 

Compressors (auxiliary) 200 


Total $ 3,700 


Total investment 


$64,200 


or $107/kw. installed. 


The manufacturer consulted other users of similar Diesel-power 
generator equipment, and, working on the assumed basis of 475 X 54, 
or 25,650 kwhr. per week, calculated his own annual production charges 
to be as follows: 


Labor costs $4,850 

Operating fuel costs 7,950 

Maintenance and miscellaneous 600 


Production costs $13,400 per year 


If 25,650 kwhr. are consumed per week, this is a total de- 
mand of 1,333,800 kwhr. annually. Production costs will then be 
$13,400/1,333,800 or 10.05 mils per kwhr. 

On the basis of a rate of 11 per cent, annual fixed charges on the 
investment will be: 

11% X $64,200 = $7,062 or 5.29 mils per kwhr. 



DISTRIBUTION OF PORTABLE TOOLS 


453 


Total annual charges, hence, are ($13,400 plus $7,062) or $20,462, 
which bring the total cost of furnishing power by Diesel to 15.34 mils 
per kwhr. 

The manufacturer has thus satisfied himself that he can build his 
own Diesel power plant and produce his own power for less than he 
can purchase it. This is not to say that the solution would be the same 
under any other conditions, however. For instance, had this manufac- 
turer's load been nearer the public utility's distribution center or sub- 
station, a better rate might have been offered the manufacturer, in 
which event the purchasing of power might have been better economi- 
cally. Also a more continuous load, a more consistent one as regards 
time, or a very high power factor might have enabled the public utility 
company to offer a rate competitive with the privately owned Diesel 
plant. 

When a power user starts to make a selection of the most desirable 
source of power, he studies mainly the size and t3rpe of his demand or 
load, and relative fuel costs. In plants requiring heat either for “heat- 
ing for comfort" or for processing (or a combination of both), steam 
often holds sway. Disregarding any such need for heat, we find the 
Diesel most adaptable and most economical for small plants, since 
small steam plants have a lower efficiency, and fuel for them is high in 
small quantities. This same is true in very small plants in the ques- 
tion of Diesel vs, purchased power because purchased power bought in 
small quantities is usually expensive. As size of plant increases, steam 
and purchased power begin to compete successfully with the Diesel 
generating plants. And, we must not fail to mention that, along with 
all the economical aspects and cost factors, risk of breakdown and 
outage for repairs and overhauling of privately owned plants must be 
considered. These factors may completely throw out the idea of gen- 
erating one's own power — even in the face of great savings by so doing. 

STUDY 20 

DISTRIBUTION OF PORTABLE TOOLS 

A manufacturer of portable tools, including electric drills, grinders, 
shears, and saws, has been selling these products through dealers in 
heavy hardware and automobile supplies- These outlets are estab- 
lished and cultivated by a few of the manufacturer's own salesmen who 
visit these dealers frequently. Selling literature, consisting of cata- 
logues and price lists, is furnished them, together with popular descrip- 
tive literature for distribution to prospective purchasers. This manu- 



